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AHS  1  KAC  i'  1  (’..111  i mu-.l )  , 

Ihe  otlifi  h.ii.'!,  .(rsiy’ii  i  r  ;  I  r  i  i  .i  fur  prossiire  sewer  systems  are  limited  and 
difficult  til  iibt.iiti.  '!l;i.'-:  ri-pirl  codifies  design  criteria  for  pressure  sewer 
syst  i-ms  . 

The  design  of  I'ressiite  sewer  systems  is  accomplished  by  evaluating  the 
reipi  1  reineiit  s  of  the  two  iii.ijoi  components  of  the  system;  the  onsite  pressur- 
i..ation  mu  I  .irid  tfie  .■ !  t  .s  1 1  e  piessnre  sewer  main.  Design  criteria  and  stan¬ 
dards  are  presented  t  .i  both  the  onsite  and  offsite  portions  of  the  system. 
Onsite  f.icility  design  crileri.i  iiiclinfe  standards  for  septic  tanks  and  wet- 
wells,  pressurization  units,  onsite  piping,  and  onsite  appurtenances.  Off¬ 
site  facility  design  criteria  ineliidi'  standards  for  hydraulic  design,  mate¬ 
rials  of  construction,  appurt . n.inces ,  installation  and  testing,  and  special 
construction  reipn  i ement s . 

In  addition  to  the  specitii  design  criteria,  information  is  also  pro¬ 
vided  on  genera]  system  design  considerations,  estimation  of  design  flows, 
and  system  costs.  The  emphasis  in  each  of  these  areas  is  placed  on  the  unique 
requirements  associated  witfi  US  Army  Corps  of  Engineers. recreation  areas. 

d  .• 


PREFACE 


The  study  reported  herein  was  funded  by  the  Office,  Chief  of  Engineers, 

US  Army,  from  Civil  Works  Appropriation  96X3123,  "General  Investigations  - 
Research  and  Development,"  Work  Unit  31687,  " I nnova t i vo/Al ternat i ve  Wastewater 
Collection,  Transportation,  and  Treatment  Systems  for  Recreation  Areas." 

The  study  was  conducted  during  1983  by  personnel  of  the  Environmental 
Engineering  Division  (EED)  of  the  Environmental  Laboratory  (EL),  US  Army 
Engineer  Waterways  Experiment  Station  (WES). 

The  study  was  conducted  by  Mr.  M.  John  Cullinane,  Jr.,  under  the  direct 
supervision  of  Mr.  Norman  R.  Francingues,  Chief,  Water  Supply  and  Waste  Treat¬ 
ment  Group,  and  the  general  supervision  of  Mr.  Andrew  J.  Green,  Chief,  EED, 
and  Dr.  John  Harrison,  Chief,  EL. 

The  information  presented  iit  this  report  is  adapted  from  design  and  spec¬ 
ification  guidelines  for  low  pressure  sewer  systems  developed  by  a  technical 
advisory  committee  to  the  State  of  Florida  Department  of  Environmental  Regu¬ 
lation.  Appreciation  is  extended  to  the  Department  for  allowing  use  of  these 
guidelines  as  the  foundation  for  developing  low  pressure  sewer  design  criteria 
for  recreation  areas.  Appreciation  is  also  extended  to  Mr.  W.  Carroll  Murphy 
of  Engineering  Service,  Inc.,  Jackson,  Miss.,  for  furnishing  the  cover 
photographs. 

Commander  and  Director  of  WES  during  the  study  and  preparation  of  this 
report  was  COL  Tilford  C.  Creel,  CE .  Technical  Director  was  Mr.  F.  R.  Brown. 

This  report  should  be  cited  as  follows: 

Cullinane,  M.  J.,  Jr.  1985.  "Design  and  Specification  of  Low  Pressure 

Sewer  Systems  for  Recreation  Areas,"  Technical  Report  EL-85-1, 

US  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  Mississippi. 
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CONVERSION  FACTORS,  US  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


US  customary  units  of  measurement  used  in  tliis  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply 

By 

To  Obtain 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or 
Kelvins'" 

feet 

0.3048 

met  res 

feet  per  second 

0.3048 

metres  per  second 

gallons  per  d  ly 

3.785412 

cubic  decimetres  per 
day 

gallons  per  hour 

3.785412 

cubic  decimetres  per 
hour 

gallons  per  minute 

3.785412 

cubic  decimetres 
per  minute 

gal  Ions  (US  1 iquid) 

3.785412 

cubic  decimetres 

horsepower  (electric) 

746.0 

watts 

inches 

25.4 

mill imet  res 

miles  (US  statute) 

1.609347 

ki lomet  res 

pounds  (force)  per 
square  inch 

6894.757 

pascals 

To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  readings, 
use  the  following  formula:  C  =  ('i/9)(F  -  32).  To  obtain  Kelvin  (K)  read¬ 
ings,  use  K  =  (5/9)(F  -  32)  +  27.3.15. 


DESIGN  AND  SPECIFICATION  OF  LOW  PRESSURE 
SEWER  SYSTEMS  FOR  RECREATION  AREAS 


PART  I :  INTRODUCTION 

Background 

1.  The  objective  of  a  wastewater  collection  system  is  to  convey  wastes 
from  the  point  of  generation  to  the  point  of  treatment  or  disposal.  Depending 
on  site  conditions  and  cost  of  construction,  the  US  Army  Corps  of  Engineers 
(CE)  has  traditionally  used  either  trucked  transport  or  gravity  pipe  systems 
for  collection  and  transmission  of  wastewaters  (Cullinane  1981).  The  use  of 
trucked  transport  systems  is  limited  to  the  collection  and  transport  of  small 
volumes  of  wastewater  such  as  septic  tank  sludge,  vault  toilet  wastes,  recir¬ 
culating  and  portable  chemical  toilet  wastes,  and  isolated  low  volume  flush 
toilet  wastes.  Gravity  pipe  systems,  on  the  other  hand,  are  the  systems  of 
choice  in  the  majority  of  cases  where  waterborne  sewerage  is  provided. 

2.  Gravity  sewer  systems  consist  of  a  network  of  underground  pipes  that 
slope  continually  downhill  to  some  termination  point  such  as  a  discharge  into 
a  treatment  plant  or  a  regional  sewer  system.  To  obtain  proper  flow  veloci¬ 
ties,  piping  must  be  installed  with  sufficient  slope  in  spite  of  the  topo¬ 
graphic  and  geologic  characteristics  of  the  site.  Gravity  systems  also 
usually  incorporate  lift  stations  and  force  mains  to  avoid  deep  excavations 
that  would  be  necessary  in  flat  or  undulating  terrain. 

3.  Unfortunately,  the  topography  and  geology  of  many  CE  recreation  areas 
are  complex  and  not  well  suited  for  economical  use  of  gravity  wastewater  col¬ 
lection  systems.  The  very  characteristics  that  make  for  an  aesthetically 
pleasing  recreation  area  often  complicate  the  design  and  construction  o!  nec¬ 
essary  sanitary  facilities.  Hilly  or  rocky  terrain  may  increase  the  cost  of 
construction  of  traditionally  designed  gravity  sewer  systems,  making  otherwise 
desirable  locations  unsuitable  for  development  as  recreation  areas  fOftice, 
Chief  of  Engineers,  1980). 

4.  Various  i nnova t i ve/a  1 te mat i ve  (I/A)  wastewater  collection  tech¬ 
nologies  have  been  proposed  and/or  developed  for  municipal  applications  where 
topographic,  geologic,  or  development  density  constraints  had  pr(»viously 
been  found  to  make  gravity  collection  systems  economically  infeasible 


(Cullinane  1981).  Three  I/A  collection  and  transport  systems  have  been  iden¬ 
tified  as  viable  alternatives  in  the  municipal  sector  (National  Utility  Contrac 
tors  Association  1979);  low  pressure-small  diameter  systems,  vacuum  systems, 
and  small  diameter  gravity  systems.  To  date,  low  pressure  sewer  systems  have 
received  the  most  attention  and  appear  to  have  the  most  applicability  to  CE 
recreation  area  facilities. 


Purpose  and  Scope 

5.  One  of  the  purposes  of  Work  Unit  31687,  " J nnova t i ve/Al terna ti ve  Waste 
water  Collection,  Transportation,  and  Treatment  Systems  for  Recreation  Areas," 
is  to  develop  and  disseminate  information  concerning  the  applicability  of  I/A 
wastewater  collection  systems  to  the  requirements  of  CE  recreation  areas. 

This  report  presents  a  summary  of  design  criteria  and  standards  for  the  con¬ 
struction  of  low  pressure  sewer  systems  at  CE  recreation  area  facilities.  The 
contents  of  this  report  are  intended  to  supplement  existing  CE  design  guidance 
(EM  1110-2-501,  Part  2  of  3). 

Organization  of  Report 

6.  The  remainder  of  this  report  is  organized  into  six  primary  parts  gen¬ 
erally  described  below: 

a.  Part  II.  Part  II  provides  a  general  overview  of  the  concepts  and 
planning  criteria  for  the  design  of  low  pressure  sewer  systems. 

b.  Part  III.  Part  III  presents  a  detailed  analysis  of  various 
design  flow  development  techniques  and  provides  currently  avail¬ 
able  information  concerning  the  wastewater  generation  character¬ 
istics  of  various  CE  recreation  area  sanitary  facilities. 

c.  Part  IV.  Part  IV  describes  design  procedures  and  criteria  for 
construction  of  onsite  facilities  associated  with  low  pressure 
sewer  systems.  These  facilities  include  onsite  pressurization 
units  as  well  as  onsite  piping  and  appurtenances. 

d.  Part  V.  Part  V  discusses  the  design  and  construction  of  the 
major  offsite  facilities  associated  with  low  pressure  sewer 
systems.  These  facilities  primarily  consist  of  offsite  piping 
anrl  appurtenances. 

e.  P^t  VK  Part  VI  presents  a  summary  of  planning  level  cost  esti¬ 
mates  for  various  components  of  a  low  pressure  sewer  system. 

f.  Part  VII.  Part  VII  iliscusses  the  applicability  of  low  pressure 
sewer  systems  in  CE  recreation  areas  and  presents  a  general  sum- 
m.iry  of  the’  re'port. 


PART  II:  GENERAL  DESIGN  CONSIDERATIONS 


Background 

7.  A  gravity  flow  sewer  system  is  usually  considered  first  when  water¬ 
borne  waste  disposal  is  to  be  provided  at  a  CE  recreation  area.  Unfortunately, 
unique  site-specific  constraints  found  at  many  CE  recreation  areas,  such  as 
topography,  geology,  low  population  density,  and  intermittent  system  use,  dis¬ 
courage  consideration  of  conventional  gravity  flow  concepts.  Pressure  collec¬ 
tion  systems  using  low  pressures  provided  by  small  pumps  to  assist  in  the  col¬ 
lection  and  transmission  of  the  generated  wastewaters  have  been  proposed  as  a 
solution  to  the  limitations  associated  with  conventional  gravity  sewer  system 
design. 

8.  Pressure  sewer  systems  are  analogous  to  potable  water  distribution 
systems  operating  in  reverse  (Kriessel  ,  Cooper,  and  Reyek  1977).  A  pressuriza¬ 
tion  unit  is  required  at  each  point  of  entry  of  the  wastewater  into  the  collec¬ 
tion  system.  The  collection  system  eventually  empties  the  waste  into  a  larger 
pumping  station  or  wastewater  treatment  facility.  Because  pressure  sewers 
transmit  wastes  independent  of  terrain  cons  I ra i /it  s ,  they  are  most  commonly 
used  for  lakeside  communities  where  flow  must  travel  uphill,  areas  with  very 
hilly  or  very  flat  terrain,  or  areas  wtiere  excavation  is  hirnlered  by  high 
water  tables  or  rock  formations.  The  [)rimary  advantage  reported  for  pressure 
sewer  systems  is  the  reduction  in  excavation  and  pipe  installation  costs. 

This  advant.ige  is  somewhat  offset  because  of  the  construction,  operation,  and 
m.i  1  nt  ena  nee  costs  as  soc  i  .i  I  cnl  with  the  i  ns  t  .i  I  I  .i  t  i  on  o(  PU's  .it  each  serviit' 
c.  onnect  i  on  . 

9.  f'ositive  (iressore  sewer  ,syst<-ins  eliininate  the  net-d  to  l.iy  ccii  lection 
system  f>ip;ng  te  .strict  hydr.iiilic  gr.nir'  line's  .uni  t  lie  lu'cessity  lor  i  n  t  e  riiicci  i - 
ate  f'liiiiping  statifuis  that  .ire  often  ,i'  so.  i.itc'.f  with  convent  i  on. i  I  gr.ivity  ccil- 

I  e.  I  1  on  s  V  s  t  ('ms  .  Sm.i  I  I  e  r  d  i  iiiir  I  e  r  po  1  v  v  i  n  v  I  i  li  I  o  r  i  i|e  (  I'T'  T'  P  i  P''  is  s  u!>s  t  i  - 

tilted  for  1  iryei  d  i  .ime r  t  \'C  ,  vitrified  tl.iv.  or  ..aKt'le  ]'i[ie  yener.illv  m.i'd 

in  yr.ivitv  ^cstcnis.  ivpi'.ii  pip--  sizes  l-'i  )'ies;.iiio  sewer  .^iteiii  i.iii.V’  - 
tween  1  -  I  ,  .1  ml  <  i  ii  .  !  i  j  '  s  i  /  es  up  to  '■  in.  i,.i  \  be  .i  pp  i  ■  p  >  i  .i  t  e  !  i  1 

.\  t  .1 1|  1  '  if  tutors  for  o,|-s. . ,  I  I  In;  I  S  (  11  ■  t  '  .iii.;  i’ v  'in  i  I  s  . .  |  ice  a  i  i  im  n  l.  i  o 

me  t  r  1  I  (SI)  IS  p  r !  .sen  I  e.  I  ,n  p,i  ye  a  . 
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recreation  area  use;  however,  the  actual  size  selected  is  a  function  of  the 
design  flow  of  the  system. 

10.  The  use  of  relatively  small  diameter  PVC  pipe  with  solvent  urided  or 
compression  joint.s,  the  absence  of  manholes,  and  the  low-pressure  environment 
virtually  e  li  hi  i  na  t  ('  i  nf  i  1 1  ra  t  ion/ i  nf  1  ow  in  pressure  sewer  systems.  On  the 
other  hand,  because  of  the  .small  pipe  sizes,  pressure  sewer  systems  are  more 
susceptible  to  hydraulic  design  errors  and  m.iy  have  limited  capabilities  tor 
expansion.  As  result,  a  more  detailed  .issessment  of  system  recpi  i  remen  ts 
should  be  coii.lucted  during  the  planning  and  preliminary  design  phases  if  use 
of  a  pressure  sewer  system  is  seleeted  for  .i  p.irticular  site. 

System  Components 

I;.  i'rc‘s.'-:ii  ic  sewci  svslems  have  two  liasic  components:  offsite  small- 
liiuiiieter  p  ressu  t  i /<  i  c'llletors  and  .in  unsiti'  nressurization  system, 
i '  t  r- '  t  e  p  re s  u  r  I /'  it  (ol  lectors 

\  1 .  ‘ 'c,  ,,t  ;  t.isks  in  the  i  .■;c  o;  .i  nressuit'  sewer  system  is 

;  St  I  C'p.i  ra  ,  ,  .  ;  i  sisti"’  :,ihcm.)'  m  .  In  de  .'<■  I  op  i  u,g  I  lu'  initial  system  lay- 

■  ,  I  be  ilcsiglur  snculc  ..iLeiiipl  to  minimize  the  length  ol  the  reijuired  sewer. 

I  slioii'.i  (;.■  I  eiih  v'llie  red ,  ii. 'Wever,  t/i.it  pres'.iiro  sower  systems  c,in  follow  a 
'  ■  I  a  i  1  .'e  I  "  icic.iii.-,  I.  rn  i  urd  i  I  '  gnmeilt  . 

i  ^  'is  .1  tie  desijinei.  has  miicti  yieater  latitude  in  d^-vt*  1  op  i  ng 

:.;i  sv^teiii  1  !  1  vtim-  ti  I  .  Tfie  i.-wer  construction  i,iist  per  linear  loot  also  allows 
lee  I  ■  s  1  y  lie  ;  .ih  •  I  -  !  !  e  V  1  b  1  i  i  t  III  s  v  s  I  ('III  design. 

It.  -a  •.  (  I  il  !. 11  tors  should  lie  (onsulered  in  dev<*loping  ,i  preliminary 

'  I'Siiil  lit  ;i  1  I  ■  s 11  e.  '■(■wer  rrsteiii; 


.Sill  '’lu'  1  I  riiir-e  t  . 

K  1  >;ti  t  -  1 1 1  -  vi  .1 ,  .iciess.  111  I  e.t  sc-iiien  I  s  . 
fie  1  .  te  :i  t  . i ;  .  ■  t  ;  .1  I  I  i  i  d  I  .s  I  up  t  I  on  . 


\ 

-  •  1  :  1 

I  !  '  1  •  I 

‘  ;  i;,,l  I  1.  til  l 

■  ■k.iye.  1  t|' 

.1  1  r  t  1  me  ,  and  iiiimbi. 

>1'  of  use  IS 

•  1 : •  •  1  .  n  ■  !  1  >' 

r  r  •  ’  s  s  i  1  r  ’  s  i 

e  the  .'.v:t 

t  *!H  . 

r 

;  ,  ,  •  ,  :  1  ,  j  . 

.  ■  1  1  '  1  --h  !  1 

.1  1  nil.'  at. 

'1  : ! '  .  1  : 

1  n '  1  V  •  j  ■  t  1  i  .  1 

i  .1  1  :  iM::i;i  n 

1 

1  1  ;  ■  ■  1 1  ‘  ,  i 

’  .  c  1 

I  1  .  '  •  ■  1  1  . 1  U  d 

1  i  1  i 

■  ’  1  ‘  •  s  Il  ;■?'  : '  *  wi •  1  ^ 

.  v:. !  emis  i  s 

tin 

,  1  1  ■  .  c 

|M 

' ' . . ;  ^i  [■'  1  f r  i 

la  '  em  . 

!  he  III  I  1  n  1  ei;  a  iiCC  < 

f  pi',  1  t  1  ve 

1 '  ■  ■  -1 . 11 ' 

'IT  •  ■  !  •  '  ’  ,  i 

1.  .lad 

,e.e  ,  (a  i  i  ell  t  1  1  i  a  1  . 

.111.  iiiiiii  1 .1  <  1 

on 

requires  knowledge  of  the  number  of  visitors,  types  of  facilities,  and  re- 
ijin  red  peaking  factors.  i’he  average  daily  flow  from  a  facility  is  ralculatful 
as  the  product  of  design  visitation  and  estimated  average  daily  wastewater 
generation  per  vi.sitor.  The  dt'sign  should  be  based  on  the  peak  visitation  day 
estimated  for  the  facility.  An  additional  peaking  factor  must  be  applied  to 
determine  peak  hourly  design  flows  for  pressure  sewer  system  pumping  units. 

51.  Over  the  years,  surprisingly  little  definitive  guidance  has  been 
developcMl  concerning  W’ater  usage  and  wastewater  generation  at  recreation  areas 
Franc ingues  and  Green  (1976)  investigated  water  use  and  wastewater  generation 
at  the  North  Abutment  Recreation  Area,  Arkabiitla  l.ake,  Mississippi.  lable  8 
summarizes  wastewater  production  at  a  CE  camping  area. 

52.  A  more  recent  study  (Mills  1983)  investigated  water  usage  at  two  CE 
recreation  areas  on  Greers  Ferry  Lake  near  lleber  Springs,  Arkansas.  The  study 
■  inalyzed  water  us.ige  at  to  i  1  et  /  showc»  r  lacilities.  Because  of  data  collection 
deficiencies,  the  study  only  developed  a  range  of  per  capita  water  usage. 
.Avf'rage  daily  per  c.ipit.i  use  was  found  to  range'  between  5  and  44  gal  per  day 
depending  on  the  season.  Figure  9  i  1  1  list  rate's  the'  average  daily  per  capita 
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NUMBtH  or  FEVIAlFS 


l  i^iirc  8.  f  ixLur'f  uiiiLs  lor  a  fomalo  bathhouse 

p i('v  1  (It'S  .III  (stiiiiate  of  the  miiiimuiii  number  of  fixliiros  required  based  on  the 
.iunib"r  ‘0  cumping  or  p  ionic  sites. 

.  When  using  Lfie  tixture  unit  basis,  the  engineer  or  planner  must  al¬ 
low  lot  spec  ial  features  snob  as  trailer  hookups  ,ind  wastewater  disposal  sta- 
'  ions,  which  iii.iy  be  inc  luded  in  the  |)er  c'apit.a  use  rate  but  which  do  not  appear 
when  the  fixture  iiiii  t  method  is  used.  Ttie  c'tiginet'r  stioiild  also  realize  that 
the  fixture  unit  r.ite,  presentcul  in  Table  >,  is  an  hourly  rate  generally  used 
to  ec.limate  total  daily  flow  and  may  not  be'  directly  related  to  fixture  units 
a*^  usu.il  ly  used  in  plumbing  codes  to  determine  pipe  sizes.  Also,  some  caution 
should  .also  be  used  in  ai’pilying  the  fixture  unit  basis  since  it  is  valid  only 
when  fixture's  are  pto|ieriy  proportioned  to  user  po|)u  I  a  t  ion .  Areas  where  use  is 
limited  and  in  i  n  i  mum  fixture  comfort  .stations  are  provided  can  indicate  several 
times  the  .actii.il  reqii  i  reirieii  t  s  if  the  fixture  unit  method  is  followed  blindly. 

Per  Ta])it.i  Use  Metfiod 

aO  .  The  per  c.i[)it.i  use  method  of  c .)  I  c  ii  I  a  t  i  ng  design  flows  is  h.ise'd  on 
the'  deve  I .  piiieii  t  of  a  ct.i  i  I  y  water  use  or  w.istewater  generation  rate  tor  a 
rc'c  re.i  t  1  on  are.i  visitor.  The  per  capita  use  metfiod  ot  design  flow  c  .i  I  cu  1  a  t  i  on 


NUMBER  OF  FIXTUHE  UNITS  ^  NUMBER  OF  F  IXTURE  UNITS 


FART  Ill;  DKSIGN  FI.OWS 


1Tj(  kgrumi'l 

.  rtif  iiKiji'T  design  pn  r.ii'ict  r  tor  low  p  fcssiire  sewer  s  y  s  t.  ciii;,  is  the 
|H,ik  li.'W  genrrateil  tiv  the  lypf*  o!  f  .u' i  I  i  t  y  and  t  tie  niiinher  et  peeple  heing 
er'.ei  ty  till'  system.  le  a  lesser  degree,  some  i  oiis  i  de  i  si  t  j  on  must  .also  lie 
I'sei;  Is  t  die  variou.;  pliysie.il  .ind  eti(aiii(al  eoiist  i  t  ueiit  s  eont. lined  in  the  w.iste 
w.itei  .  W.iier  usage  rates,  waslewaLt'r  prodiiilioii  rates,  and  wastewater  cdiaiae- 
teriz.ation  data  have  been  well  doeiiniented  for  ilomeslie  sewage  generated  t  roni 
ttie  iiHin  1  I  1  [;.i  1  environment  .  These  il.ita,  however,  are  not  well  documented  for 
Sill  a  I  i  w.i  s  te-gene  r.i  t  1  ng  f.uililies  .sui  h  as  tiio.se  1  ouiid  in  t'.K  recreation  areas. 

4  a.  Ttieri'  art'  two  basic  approaclit's  to  determining  sewage  f  I  ow  rates 
1  r  ■  an  recto, it  ion  areas:  ifie  fixture  unit  metfiod  and  tfie  per  capita  use  method 
(iiffice,  t.  h  i  e  f  of  bug  i  nee  rs  ,  1980).  H.ich  of  tfiese  methods  has  limitations  and 

•.tioiiid  he  used  with  caution  when  dt'vc'loping  design  flows  for  recreatioti  area 
lev  pt'ssurt'  sewer  systems.  Detaileci  procedures  for  the  application  of  both 
methods,  as  ..ell  as  design  exainjik's  are  presented  in  KM  1110-2-.S01,  Fart  2  of 
(iitfic*',  (diief  of  Kng  infers  1980;. 

Fixliirt'  Unit  MellHid 

■tt,  .  Idle  fi.xtnre  unit  metfioci  of  c.i  1  cn  1  .t  t  i  ng  ilesign  flows  is  hasecJ  on  the 
■  liA'cl  I  iiiorit  ol  .III  hourly  use  rati'  for  e.icdi  type  of  fixture  proposed  for  in- 
:  I  !  I  ,■  I  . ,  1 M  .  Mil  !  j  X 1 11  re  use  met  find  of  dos  i  gn  t  1  ow  c  .i  1  cu  1  a  I  i  on  reipi  i  res  know  1  - 

1  I  I  .  f  It'  n  uiiif  I:  ■  I  o  1  fixture:,  to  lie  i  iii.  I  .i  I  1  od ,  t  tie  type  of  fixtures  to  tie  i  il" 

I'd,  .'id  tie  d  1 1  I  .1 1  I  on  , .  t  II I  o  i  w  h  I  i  t'  t  tie  1  .1  c  i  I  i  t  i  es  .iff'  designed. 

'  o  '  ill  'm'  list  d  1.0  pioi'ii  t  w  - 1 1 1*'-. .  1 1  o  I  I  lows  on  t  tie  tiasis  of  t  tie  numtier  of 

:  .  •  ,1  ■  I  '  ■  I  Col,  ■  \d  '.  1 II  1 .1  f .11 1  r .1 1,  o  I  f. o:.ou  I  I  I  Fl  og  iMiiim  i  ng  1  9  i  2  ,  1  iS  lie p.i  r I  - 

1  I  iiip.  ni\  (  1  u.s.'i  )  p  1  .  1  dos  gene  r, I  I  gii  i  d.i  in  i  •  on  s  e  1  oid  i  ng 

.,1,11':  I  I  III; '  I  1  p  o  1  t  1  I  111  1  1  1  '  s  11 1 ' '  SI  w  1  ■  r  1  11  s  t  .1  I  1  .1 1  I  o  M .  1  1 1  i  s  mo  i  ti ,  mI  uses  .i 

;  ;  I  I  '  .  .  ,  I  1  !  ,  I '  !  .d  I  i  o  I  r.i !  I  1  o  O'  I  nd  .i  I  ti.i  i  I  (  fd  gu  i  e  4  )  to  'to  v  e  1  op  reipi  i  red 

1  "III '  ,  I : ,  I  1 ,  o  I  t  '  ■  s  i  ti  I  !  o  t  .  1  i  II  iiml  '■  ■  I  o  t  t  1  :<  t  u  I  e '  t  e ,  i  c  ti  type  is  c  a  I  c  n  i  .i  I  ed 

lid  I'l  .  ’  I  1  p  .  ■  '  I  to,  t  'i  ■  '.line  1  I  s  1  I'll  111  I'.ifi  1  e  ti  tot  tile  specific  type  of  fixture 

1,0  I  .  .  I  1  1  'lino  1  '  till'll  US'  '  I  Ml  f-  I  go  I'e  a  to  dele  rill  1  lie  pump  c  a  p.i  c  1  I  y  .  I  tl  I  S 


warning  signs  along  the  sewer  route,  off  set  markings,  and  inductive  wire 
burial  with  the  pipe  are  effective  measures  in  eliminating  pressure  sewer  main 
fireakage  and  reducing  repair  times  should  breakage  occur. 

Summa  rj' 

42.  The  previous  sections  of  Part  11  have  provided  a  general  overview' 
of  the  basic  concepts  associated  with  the  design  of  low  pressure  sewer  systems. 
.Although  the  design  of  a  particular  system  is  site-specific,  there  are  certain 
aspects  of  the  design  that  are  common  to  all  situations.  A  basic  seciuence  for 
design  of  low  pressure  sewer  systems  is  presented  below  (Florida  Department  of 
Fnv  i  ronmenta  1  Regul.ation  1981): 

a.  Ihtennine  required  data  for  the  planning  area  including  the 
location  of  buildings  to  be  served,  types  of  buildings  to  be 
served,  population  to  be  served  (present  and  design),  water 
use.  geotechnical  data  (soils  profiles),  ground-water  and  sur- 
tace  water  characteristics,  wastewater  treatment  requirements, 
cl ima'e  ,  and  topography. 

h.  I.'' ■t’lj' 1  I  e  ledei.'i,',  st.ite,  and  local  regulations  that  may  be  appli- 

e.iti  If  te  the  site. 

c.  Fvaluate  alternative  treatment  plant  designs  and  locations  and 
choose  tfie  most  cost-effective. 

d.  Prepare  a  prelimin.iry  layout  of  pressure  sewer  mains  based  on 
minimi  iced  pipe  lengths. 

e.  hocate  and  determine  minimum  quantity  of  air-release  and 

p ressu re- sus t a i n i ng  valves,  in-line  and  terminal  cleanouts,  and 
main  line  shut-off  valves. 

f.  Determine  design  flows. 

g.  Perform  hydraulic  analyses  to  lietermine  pipe  sizes,  transition 
points,  .ind  valve  .ind  cle.inoiit  locations. 

h.  .An.ilyze  .i  1  Le  rria  t  i  ve  onsite  toin(>onents  with  respect  to  the 
pressurization  unit,  control  .arid  alarm  equipment,  contingency 
Ilians,  residuals  disposal  pi. in,  <in<l  capital  and  operating  costs. 
De!(  inline  the  mint  ci,sl -e  1  fee  I  i  ve  ,  generic  onsite  system. 

1.  iVepire  detailed  jil.uis  .ind  spec  i  I  i  c  at  i  ons  including  opeiation 
.111(1  maintenance  plan.^-  for  the  propi'sed  system. 

j.  Review  plans  and  speei  f  i  c.it  i  .iiis  with  appropri.ite  approval 
agenc i es . 

4  1.  The  above  s  t  efi  -  by- s  t  ep  firocedurc*  he  I  [is  to  ensure  that  the  proposed 
systems  are  efficieutiy  designed  .ind  constructed.  In  addition,  the  dt'velop- 
ment  of  the  preliminary  o[ieratiofi  and  maintenance  plan  ensures  tliat  the  system 
is  both  o[)erahle  and  m.i  i  iit  a  i  riah  1  e  . 
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59.  The  coo  t  I  y  needs  for  grinder  jmiiip  units  .ire  ui'nl'.'i  Iti.m  lir 

septic;  tank-effluent  piiiiipirig  units.  Tlie  gre.iler  onsite  i  lor.ige  i.iii.n'ii  m-s  of 
septic'  t  ank-e  f  t  1  Lien  t  pLiiiiping  systems  rednee  upt'ralion  .and  iii.i  i  nten.nu  e  I'erson- 
nel  requirements  by  permitting  rep.i  i  rs  to  he  made  during  noi-m.il  v.orking  hours 
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_ Component 

Pump  impellers 
Appurtenances 


Recommended  Material  of  Construction 
Plastic,  bronze,  cast  iron 
Plastic,  316  stainless  steel 


31.  Electrical  connections  to  the  main  panel  should  be  constructed  in 
accordance  with  appropriate  electrical  and  construction  codes.  Approved 
underground  wiring  is  recommended  for  both  pump  and  control  circuits.  Sepa¬ 
rate  fuses  or  circuit  breakers  should  be  provided.  Control  systems  should  be 
located  in  full  view  of  the  pressurization  unit  and  placed  in  a  lockable 
tamperproof  and  weatherproof  circuit  breaker  box.  The  pump  panel  should  have 
a  smaller  fuse  or  breaker  than  the  service  panel.  The  pump  motor  connections 
should  be  watertight. 

32.  The  potential  for  power  outages  at  CE  recreation  areas  requires  con¬ 
sideration  of  reserve  holding  capacity,  either  in  the  grinder  pump  wetwell  or 
the  septic  tank  in  the  septic  tank-effluent  pumping  system.  Depending  on  the 
site,  the  loss  of  power  may  not  be  critical  if  the  water  supply  to  the  site 
also  terminates  when  the  power  fails. 

33.  In  those  cases  where  several  facilities  are  to  be  served  by  the 
pressure  sewer  system,  consideration  should  be  given  to  the  use  of  hydrauli¬ 
cally  similar  pressurization  equipment.  Use  of  similar  equipment  will  sim¬ 
plify  both  design  and  operation  and  maintenance  tasks.  Spare  parts  and  equip¬ 
ment  inventories  should  be  maintained  based  on  system  maintenance  experience. 

No  guidance  is  available  for  recreation  area  facilities;  however,  the  tabula¬ 
tion  below  provides  guidance  on  systems  serving  residential  developments. 


Pressurization  Units 
[ ns  ta 1 1 ed 


Number  of  Spare 
Units  Requ i red 


10-20 

20-A0 

40-60 

60-100 


100-200 


)4.  Che  ly|)ii<il  OK  tecre.ilion  .irca  shoul<1  have  one  spare  for  each  type 
of  pressurization  unit  installed.  .Aild  1 1  i  'iia  1  spare  p.irls  requirements  should 
he  ileveloped  h.ised  on  system  operating  experietue. 
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26.  Serviceab i 1 i t y  of  the  onsite  components  is  important  to  both  mini¬ 
mize  the  time  lost  because  of  equipment  malfunctions  and  to  keep  the  cost  of 
inspection  and  maintenance  to  a  minimum.  Quick  disconnect  features  are  recom- 
lll'■n^1ed  tor  both  piping  and  electrical  connections  so  that  the  pressurization 
unit  can  he  quickly  removed  for  inspection,  repair,  or  replacement.  For  shal¬ 
low  wetwell  installations  (less  than  3  ft),  a  simple  union  arrangement  is 
often  .accept. ibl  e .  lor  deeper  vetwells,  slide-aw.iy  coupling  arrangements  with 
slide  lail  .ind  lifting  chains  should  be  considered.  Complete  packages  are 
g^nerilly  eiiipic.yed  which  i  ricor|)or.a  t  e  simplified  removal  arrangements. 

d.  .  Silety  prfiblems  associ.ited  with  pressure  sewer  s'.sLeiiis  in  CK  rec¬ 
reation  ate. IS  are  gener.illy  related  to  the  protection  of  the  visitor  and  main- 

t  'Ml. 1  nee  p.  r . <nne  1  . 

-'H.  line  oi  lie-  ii’ore  fie.pe'iil  'onciins  'S  that  of  un.i  u  t  tic>  r  i  zed  access  to 
the  p  r  e  s  s  u  r  i  z.i  t  1  1  I :  unit.  1  li  i  s  i  cjIu  c  i  n  can  he  i  j  I  ee  i  .i  I  ed  h i  iicd  rpo  r.i  t  i  ng  a 

'oil.iiig  mei  ti.iii  1  sii.  u.  t  f;e  wetc.ell  ...vei.  Hilly  .1  ii  *  lio  r  i /ed  m.i  i  n  t  ena  nee  [lersonncl 

should  he  .i  h  !  e  to  <  i  n  1 1  a  es  s  to  the  p  re.-,  mi  r  i 1 1  i  on  unit. 

2'.*.  ill  1. hilt. on  tc.  normal  s.ifet'  'onsitler.ii  ions,  nci  i  nlen.inre  personnel 
.slifj.il';  tie  p.i  r  t  ic '.1 !  ,1  r  1  y  .iw.ire  oi  t  lie  poteiiiiil  oi  t  ,1 1  I  s  in  deep  wetwells  and 
lilt  ai  c  umu  1 .1 1  i  on  o!  ti'xii  or  explosive  g.isei-.  in  tfie  wi'tweli.  i’roper  venting 
of  liie  wetwt'il  toll  I'liurai/e  the  potent  i  .i  I  lor  ,ic  i  umu  1  at  i  on  of  hazardous  and 
potential  ly  explo.sive  g.ises.  Kmergemy  ptessuie  reliol  devices  sfiould  also  be 
!  lu'orpor.ated  in  tfie  design. 

30.  M.ateriils  ol  c  cuis  t  rue  t  i  on  must  ht*  c.iji.ihle  of  withstanding  the  envi- 

tomiiental  coiulitions  of  servile.  ('iriiidet  piiniji  syslt'ms  are  generally  packaged 
hy  tfie  iii.uiiitacLiirer  in  sue  fi  i  manner  tfiat  these  ct'iis  i  de  rat  i  ons  have  been  incur 
p'-r.iled  at  the  tactory.  Septic  I  .in  k-e  t  I  i  uen  t  jniiiiping  systems  are  generally 
loc.illy  designed  and  field  erected,  thus  requiring  the  designer  to  be  more 
iiigniz.iril  of  Itic  highly  coirosive  n.itnre  of  septic  tank  effluent.  All  compo¬ 
nents  of  tfie  septic  t  ,iiik-i’ f  f  I  ijeiil  pumping  system  exposed  to  the  atmosphere 
'.ills  I  he  fi  I  k;ti !  V  rc-sist.iiil  to  .orrosiiM.  'laterials  that  have  been  found  to  be 
'  '  p  I  .! !  1  I  o  for  \M  r  I  IC  sy '  t  '  m  c  oniponen  t  s  .ire  1  i  s  I  c'd  be  1  ow  : 

I'  iiip  ’iieiit  kei ommetufeci  Material  of  Construction _ 

S'  pic  I  ink  lud  wo' well  Concrete,  plastic,  coatc'd  steel 

'i.  I  I  -  MS  I'.i  onze  ,  p  1  ast  1  c 

I'ump  hoiisii.ki  (hist  iron,  plastic,  bronze,  coated  cast  iron 

(  Cunt  I  iuic‘d  ) 


designing  pressure  sewer  systems  are  similar  to  those  of  conventional  gravity 
sewers.  At  a  minimum,  the  following  information  should  be  developed  before 
final  design  (Peabody  Barnes,  Inc,,  1977). 

a.  Topographic  map  of  the  area  to  be  served. 

b.  Site  plan  indicating  locations  of  wastewater  generating 
facilities . 

c.  Geologic  conditions  including  soil  and  water  table  conditions. 

d.  Location  of  wastewater  treatment  plant. 

e.  Types  and  capacities  of  wastewater  generating  facilities  to  be 
served . 

f.  Climatic  conditions  (frostline). 

g.  Location  of  present  utilities  including  sewer  systems. 

h.  Power  requirements,  location  of  existing  power  sources,  and 
power  outage  data. 

i.  Applicable  local,  state,  and  Federal  codes  and  construction 
criteria . 

j^.  Type  of  system  (total  pressure  or  pressure-gravity  combination) 
and  proposed  system  layout. 

23.  The  major  capital  and  operation  and  maintenance  costs  of  pressure 
sewer  systems  are  usually  related  to  the  onsite  pressurization  facilities. 
Factors  affecting  onsite  component  design  include: 

a.  Type  of  pressurization  system  selected. 

b.  Single  versus  multiple  service. 

c.  Location  of  the  pressurization  system. 

d.  Alarms  and  control  systems, 

e.  Aesthetics  and  safety. 

f.  Component  serviceability. 

g.  Materials  of  construction. 

h.  F.lectrical  requirements. 

2A.  The  first  basic  design  decision  is  the  specification  of  the  generic 
type  of  pressurization  unit.  This  decision  affects  the  remainder  of  the  sys¬ 
tem  design.  Unless  local  cotulilions  preclude  one  of  the  two  primary  alterna¬ 
tives,  both  the  grinder  pump  and  septic  t.ink  effluent  pump  system  should  be 
evaluated.  Table  1  presents  a  qualitative  comp.i  risen  of  the  two  systems. 

25.  Economics  tend  to  favor  multiple  services  per  pressurization  unit 
if  the  sources  of  wastewater  are  within  reasonable  (iroximity.  The  cost- 
effective  separation  distance  is  ,i  function  of  local  construction  costs  and 
system  design. 
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sludge  cleanout 


Figure  3.  Typical  septic  tank-effluent  pumping  pressii r i za t i on 

unit  installation 


essence,  the  septic  t ank-e f f 1 uent  pumping  concept  removes  large  solids  and 
other  materi.ils  via  sedimentation  rather  than  reducing  the  size  ot  the  objects 
by  grinding  as  in  the  case  of  tfie  grinder  pump  system.  Because  septic  tank- 
effliient  pumping  pumps  handle  only  supernatant  from  the  septic  tanks,  these 
pumps  are  generally  smaller  and  require  less  maintenance  than  grinder  pumps. 

Design  Factors 

22.  fhe  initial  step  in  planning  for  the  use  of  a  low  ['ressure  sewer 
system  is  to  define  the  area  to  be  served  and  inventory  the  wastew'ater  collec¬ 
tion  and  treatment  reipi  i  rement  s  .  Information  reipi  i  renu'nt  s  for  planning  and 


Figure  2.  rvf’ieul  griruler  |)uin|i  pressiir  i  z.it  i  on  unit  installation 


21.  Scj'tit  lank  ettluenl  jiiiiiij)ing  systems.  Septic  tank-effluent  pumping 
Astems  ((insist  ut  a  ((inven  t  i  oiia  I  septic  tank,  the  onsite  pressurization  unit, 
irel  the  (eliciioii  systi'iii  piping.  In  the  septic  tank-effluent  pumping  system, 

.  istewaters  ate  (e!  lei  ti  ll  ley  the  huililiiig  sewer  and  transported  to  a  septic 
ink.  ilie  [I  ri"  s  u  t  1 /.I  t  I  oil  unit  m.iy  he  pl.ited  either  inside  the  septic  tank  or 
iii’.  ide  the  .cptii  tank  111  a  sep.ii'.ite  structure.  Figure  d  illustrati's  a  typi- 
al  sejit  II  t  .1 11  k  -  e  (  f  I  III  11 1  (lumping  system  installation.  The  sejilic  tank  pro- 
ides  s  I  gii  1  I  1  I  .1 11 1  li'vel;,  1)1  treatment  hy  removing  from  80  to  90  jiercent  ot  the 
;it.i;,(  ,  /()  tn  00  [II  rieiit  et  the  suspended  solids,  and  dO  to  80  percent  ot  the 
".<vgeii  iliiii.iiid  (HOD)  (Kriessel,  Cooper,  and  Keyf'k  1977  ).  In 


I'll  hem  1  I  .1  I 


SYS  Lem . 


Two  basic  concepts  are  available  for  (iressur  i  zat  i  on  unit  (ic'Si^n.  Ibe 
first  uses  a  grimier  pump  to  griiul  the  wastes  into  a  slurry  and  then  puii^p  the 
slurry  through  the  piping  system.  Tiie  second  concept  is  the  septic  tank¬ 
er  tiuent  pumping  s\'steiii.  I'tie  st'pt  i  c  I  ank-e  t  f  I  uent  pumping  system  concept 
employs  a  scpi  it  t.mk  tor  ui.u'robic  treatment  and  I'emova  I  of  gross  solids  Iroin 
the  wastewater  [irior  to  iniection  of  the  wastes  into  the  coJic'Ction  system 
with  small  centrifugal  pumps.  Figure  1  illustrates  the  typical  components  of 
a  pressure  sewer  system. 


\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 


Figure  1.  Typical  components  of  pressure  sewer  systems 

20.  Grinder  pumji  syst^is.  Grinder  pump  systems  usually  consist  of  a 
tiolding  lank,  the  grinder  pump,  associated  electrical  and  mechanical  appurte¬ 
nances,  hnilding  sewr-r,  st'rvice  line,  and  collection  system  piping  (Hydr-0- 
Matic  Pumps  l‘178).  The  grinder  pump  is  installed  slightly  above  the  bottom  of 
th('  holiling  tank,  which  may  he  located  in  a  building  basement  or  separate 
.structure.  The  holding  lank  receives  wastewater  flows  by  gravity.  Level 
sensors  activate  the  grinder  pump  operation  pump  at  preset  levels.  Emergency 
overflow  and  high  watc'r  level  alarms  are  also  generally  provided.  Figure  2 
illustrates  a  tyiiical  grinder  pump  installation. 


at  liixh  points,  and  possibli'  sipliotiing  eflncts  on  pumping  unit':  (  I'ratiodv  B.irnf 
Inc.,  l‘)77).  Positive  pressurt's  r,in  be  iii,i  i  n  i  .1  i  ned  litrougb  ibo  use  ol  pos  i  I  i  \'(- 
pressure  regnialing  valves  or  bv  loioaing  tbe  system  terminal.-,  at  the  higliest 
po  1  at  1  n  t  be  sys  teni . 

Ja.  .\  i  r  a  c  i  iniiU  1 .1 1  1  on  .it  svsteih  iiigi:  la  ints  <  .111  h.ive  a  ditiiment.il  efiiM 
on  l  fie  operation  of  pre.ssnre  .sewer  sy.teis.  I'lie  i-ainber  ol  tiigii  points  in  the 
system  c  in  be  ininimiged  bv  1  ns  I  .i  i  ;  '  i. ;  'pi.m;  ...a  .1  ii:>  :  I  >>  ri  g.  ide  .bere  p  ss.ble 
Pre’cise  ..ii>-.,','  p.rofiles,  ii.  lu  e',i' r  ,  ..re  no!  i  .  .p..  1  1  •■0’ .  .' 1 Iioiign  .  o.nmsi.il.d 

.it  system  high  points  c.in  be  [nii  ged  1'  sntfii.ient  wastewater  oLities  .ire 
nia  1  nt  a  1  ned  ,  some  tonii  of  pios  1  t  1  ve  ,a  i  r  relief  ,il  m;i  |  o  r  high  points  sfionlii  be 
provide. 1  (Hydi -U-Mat i c  Pumps  19/81. 

It..  The  selection  oh  an  ipip  ropir  i  .1 !  e  horizcnital  alignment  for  the  pro¬ 
posed  pressure  sewi-r  system  1:.  prim.irily  a  finiclion  of  ttie  linnitieii  of  f.ic  ili- 
ties  to  tie  served.  Ttie  normai  CK  recreation  area  will  fiave  a  limited  numbf'r 
of  facilities  to  be  served  when  comp.ired  to  a  residential  dt'velopment  insing 
pres.sure  sewer  sy.stem.s.  As  .1  result,  system  alignment  should  he  simp'lified. 

17.  Kesideritial  app  I  i  ( ,it  ions  of  pressure  sewf'r  systems  Inivc  been  hasi’d 
on  either  denflriform  or  grid  layouts.  Dendritorni  layout.s  usually  reipiire  the 
least  amount  of  piressure  sewer  main  cons t  ruct i ofi ;  however,  any  dain.age  to  the 
main  sewer  interrupts  service  to  all  upstream  conin.'ct  i  ons .  Grid  layouts  over¬ 
come  the  loss  ol  servici'  problems,  but  result  in  uneven  flow  p;i Items  which 
adversely  affect  scouring  velocities  .md  thus  may  hc'  detrimental  to  proper 
functioning  of  t  lu-  system. 

18.  .A  compiromise  to  c-illii'i'  the  df'ndriform  or  grnf  l.iyout  has  In-i  11  the 
clustered  feecier'  .ippiro.ich,  where'  sm.iller  hr. inched  systems  servii.c  multiple 

c  i..iinec  t  1  on iiid  Ici'il  into  .1  m.i  1  n  .-.ewer.  In  this  de-ig,',  serviie  ol  >ii;i  i  n  1  i  ne 
brc.ik.ige  is  more  !ik<'l\  to  if  tec  I  on  i  v  the  ji.i  r  t  1  c  u  1  .1  r  iliistc'r  in  which  lu'e.ik- 

.ige  oCi  Ill's  .ir.d  flows  wnnid  1  em.i  I  (i  pred  1  (  t  .ill  I  r  -i.s  111  tin  dciidrilorm  layo'il  .  .-X 

reduc  t  1  i.n  in  the  mimhe  r  "I  .1  n  f  1  1  ■  p.i  t  ■  .1  i,  e  i  v  1  <  e  .  n  I  e  r  t  up  I  M  -  n  ,s  1  .1  ;i  a  1  s . .  hi- 

a  c  romp)  I  I  s  bed  h  v  the  1  ns  I  1  I  1  .1  f  1  ■  .a  1 ,  r  ,  .  Mine  <  t  ■■  1  line:  (n  - 1  w  ecu  v  1  1.  s  t  e  t  .  I  (n 

coniieiior  line  would  in  .  m.i  I  !  v  be  v,il\ed  I  1  om  serviie;  imwever,  the  cs.niieiloi 
line  could  lie  opiened  to  seiAivC  ;1  lieies.s.iiv  t"  pio\ide  i  o  1 1 1  1  1 1  ;i<  mi  s  seivue 
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water  consumption  for  the  two  sites  i  nves  t  i  ga  t  ei) .  An  imjiortant  aspect  of  the 
Mills  study  is  the  development  of  hourly  per  capita  use  ratios.  These  rates 
are  presented  in  Figures  10-13. 

53.  In  addition  *o  the  Francingiies  aiul  Oreeri  11976)  and  Mills  (1983) 
studies,  various  other  soum»s  of  gui<1aiue  on  water  use  in  recreation  ar(*as 
.1  ra-  available,  Table  9  presents  h.isic  information  for  the  calculation  of 
ilaily  per  capita  w.istewater  geneiation  rates.  I  he  quantities  presented  :n 
T.ihle  9  agree  with  water  usage  values  reporte<l  tor  various  tlF  recreitifui  ,ii  -is. 
lahles  li'  .iiid  11  iiiav  also  he  used  .is  .idd  ;  t  i  ona  i  giiid.iiire  wheie  s  ■  1 1  -  s  pec  i  t  1 1 
liat.i  are  not  ,)  va  i  1  .i  h  I  e  .  It  should  he  remeinhe  red  that  in  a  zero  i  n  f  i  I  t  i  1 1  i  ui 
..yslein,  such  .is  found  in  low-pressure  sewer  svslenis,  water  usage  iiiav  t'e  le- 
diK  ed  by  u['  to  30  percent  to  determine  av  -r  ige  daily  wasLewatei  f  lows. 

5w .  Fstimating  visitation  is  another  import, ii't  varial'le  in  the  use  of 
the  per  lajiit.!  method  for  g»uie  ra  t  i  on  of  wastewater  flows.  Alttiough  visitation 
es  I  1  iii.i  t  i  on  is  more  art  than  science',  stainfa  rd  i  zed  I  et  liii  i  ijiies  ii.it'c-  lu'en  divel- 
oped.  Mischori  .Hill  Wyatt  (  1979)  provide  ge-netal  guiiiarice  on  ca  1  iii  1  a  t  i  iig  .itteri- 
d.iiue  at  CF.  recreation  areas.  Research  is  currently  under  way  to  update  aiui 
sl.indardize  a  p[)  ro[)  r  i  a  t  e  procedures."  For  existing  recrealicn  areas,  ,in  esli- 
iiiati'  ot  design  poi.iii  1  at  i  on  estimates  can  tie  obtained  from  ciirre''i!  visitation 
records.  For  proposed  facilities,  the  visitation  records  ol  comp.i  r.ibl  e  reerc- 
. it  ion  are. IS  at  otfiet  projects  can  be  revieweit. 

55.  Although  the  per  capita  use  method  for  generating  wastewater  I’lows 
lia.s  been  very  [lopiilar,  the  method  is  more  suitt'd  for  estimating  aver.ige  or  (leaK 
daily  flow:  r.itlier  than  the  peak  minute  or  peak  hourly  flows  required  for 
propei  design  ot  pressure  si'wer  systems.  The  fixture  unit  method  of  design 
flow  estimation  provides  <i  heller  eslim.ite  ot  the  [leak  fioiirly  flows  needed  lor 
design  purposes.  However,  the  per  eapita  use  nu'thod  can  he  used  .is  .i  geiier.il 
cheek  of  1  1  ow  projections  generateci  by  the  fixture  unit  nieltiod  to  ensure 
re.isori.ih  1  e  ,  cost-effective  designs. 


fhTson.il  Fommiiri  i  c  ,1 1  ion ,  January  1984,  R.  Scott  .l.ickson.  Outdoor  Recre.ilion 
fMannc'i,  US  Army  Fnginee,-  W.iierways  Kxpc'rinient  St, it  ion,  i  c  kshii  rg  , 
Mississippi . 
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Figure  1.0.  I'uaii  hourly  water  use  for  Loop  1'  campground  at 
lleber  Springs  recreation  area 
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St;.  I  )ii.s  j  I  f  [  ,i  (  j  1  i  t  V  '  •  -  ii:.  I  I'll'  I  i  on  i  lu'  I  inlns  those  t  .u'  i  I  i  I  i  t’s  I  h.i  L  inns  I  he 

<  '  ni.s  t  ni(  t  e<  j  i  ni.',e.  1 1  i  t  e  I  y  ,1  li  j  .1  icn  I  Lo  llie  |)ouit  ot  w,i  s  t  ew.i  1 1' r  r.i  t  1  on  .  In 

I  ;  >nJ  i  !.  i  ona  i  pressure  seuer  eons  (.  rue  I  i  on  oriented  towards  providing  servjee  to 

I  rej;  1  lieneo  ,  onsite  eons  t  tut  t  1  on  refers  to  I  fie  t.n'ilitirs  th.it  are  ivinst  rutted 

on  tfie  individual  (iropertv  owner’s  lot.  This  definition  is  not  siiital'le*  for 
applieation  to  the  eonstrnetion  of  pressure  sewers  at  recreation  areas;  t here- 
fnri',  a  somewhat  artificial  ilefinition  must  he  developed.  For  purposes  of  this 
study,  onsite  t.ieility  eonstrnetion  is  defined  as  those  facilities  that  must  he 
lonstructed  between  the  point  of  wastewatt'r  generation  and  the  pressure  sewer 
main.  S[iec  i  f  i  e.i  I  1  y  ,  onsite  facilities  include;  septic  tank  and/or  wetwell, 
pressurization  unit,  service  connection,  and  all  structural  and  electrical 
appurten.inces  thereto  . 

Semitic  Tank  and  Wetwell 


Sijitu  tank.  .Septic  t.ink  sizing  is  normally  based  on  a  specified 
■  I:  11  lime.  ,1  iiiiKticii  of  w.istewater  flow.  Detention  Lime  in  a  septic 

iii  i  he  ,,  MiiniiiiiiM'  el  U)  hi.  When  septic  tanks  are  used  in  conjunction 
.1  111!  e  driiriato-  lield:  ,  a  in  i  n  i  iiiuiii  ot  2A  hr  detention  time  b.ised  on 

I  1  w-  I  u  iialK  I  e  c  oiiiMiended .  The  sej'tic  tank  must  not  only  j'roviile 
.  ,  .  ,  '  '  1  !e '  ,  ,  1  •  I  n  1 e  r  l he  design  I  1 ow  hut  mnr  t  also  1 n i  1 ude  an  a  dd  1  I  1 ona  i 

•  1  1  1 ,  ,  ,  i  ,  i  '  1  !.  1  iidgi  •  '  e  r  .1  Ke  and  .iny  rose  1  ve  s  t  o  I'.i  go  1  ei  jii  i  remen t  s  . 

I  .  ’  e;  IS  I  ,1 1  t>e  r  I  h.i  n  lb  00  j-a  I  /  d.i  v  may  he  determined  by  the  1  1 1 1  1  ■  iw  1  n 

:  '  ;  ’  '  ,  •  ,  I  h  1  e  t  e  !  i , n  v  I  I  lee  r  s  I  ‘1K4  .1  ; 


I  ,  1  r  b  I  O  .  .by, 


re,  11.  1  I  I  I  tank  (  a  ji.ir  1  t  y  ,  Ka  I 

a  .  I.i,'e  :.ev,  .ige  1  I  r,w  ,  >;.ll/d.iy 

}  i  a  n  I  e  I  rives  the  reii  u  1  red  VO  I  nine  el  e  ji  I  1  i  link  lor  ,1  p  1  ven  1  I  , . , 
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Figure  14,  Volume  ot  sepl'o  Lank  tor  various  design  flows 


50.  In  .iildition  to  t  tie  additional  volume  required  for  sludge  storage, 

It  is  also  desirable  to  include  some  reserve  capacity  in  case  of  pressuriza¬ 
tion  unit  or  pow'er  failure.  Figure  3  illustrates  the  freeboard  within  a  septic 
tank  that  is  usually  available  for  reserve  storage.  Additional  storage  tan  be 
provided  if  deemed  necessary. 

60 .  Wetwell  sizing  is  norm. illy  a  function  of  the  wastewater 

generating  facility  being  served,  pressurization  unit  hydraulic  rha rai  ter i 
tics,  and  desired  reserve  tapacity.  Reserve  tapacity  is  the  volumi’  .iv.iilahle 
(or  storage  between  the  elevations  of  the  high  water  alarm  float  switch  and 
tin’  invert  of  the  overflow  pipe.  'I'ypical  wc-lwc'll  reserve  capacit\’  tor  ,i  tesi- 
deriti.il  1  ns  t  ,1  I  1 .1 1  i  on  is  50  gal.  For  rec'realion  .ire.i  ajip  1  i  ca  t  i  or  s  ,  reit'tve 
c.ip.Kity  reipi  i  rements  can  be  estimated  as  t  hr'  produrt  of  the  hourlv  .,as  t  ew.i  t '■( 
geni  f.i  t  i  on  rate  .ind  the  length  ot  time  that  it  will  l.ike  to  repLue  .i  pressur- 
iz.it  ion  unit.  A  1-day  (8-hr)  holding  caparily  is  usu.illy  sufficient. 

Structural  dr'sign  and  materials 

hi.  Structural  design.  The  slructiir.il  design  of  septic  t.inks  must  con¬ 
sider  soil  loading  resulting  from  tlieir  buried  i  ns  t  .i  I  I  ,i  I  i  on  ,  hy'fiost  ilic 


loadings  that  may  occur  because  of  high  water  tables,  and  external  loa<ls  that 
may  result  from  vehicular  traffic.  Loads  on  septic  tank  and  wetwell  walls, 
floors,  and  roofs  sliould  he  evaluated.  Septic  tanks  are  usually  located  in 
areas  not  subject  to  vehicular  traffic;  however,  a  vt'hicle  may  occasionally 
pass  over  the  tank  and,  therefore,  the  septic  tank  roof  should  have  sufficient 
strength  to  resist  collapse.  All  septic  tanks  should  liave  an  approved  struc¬ 
tural  design. 

62.  Materi.ils.  Pre  (  ab  t  i  ca  t  ed  septic  tanks  in  standard  sizes  are  avail¬ 
able  in  three  basic  materials:  concrete,  plastic,  and  steel.  For  larger  non- 
residential  sizes  the  choites  are  probably  limited  to  concrete  or  steel. 

63.  The  most  common  material  of  construction  for  septic  tanks  is  con¬ 
crete.  Concrete  septic  tanks  should  be  constructed  in  accordance  with  recom¬ 
mendations  of  the  .American  Concrete  Institute  or  an  approved  equal.  Concrete 
has  proven  to  be  a  very  durable  material  for  septic  tank  construction.  Weibul, 
Straub,  and  Thoman  (1949)  conducted  a  study  of  150  concrete  septic  tanks  rang¬ 
ing  in  age  from  0.5  to  39  years  of  age.  Of  the  150  tanks  inspected,  91  percent 
were  judged  to  be  in  good  to  excellent  structural  condition.  Corrosion  at  or 
above  the  water  line  was  found  in  some  tanks. 

64.  Septic  tanks  are  available  in  three  plastic  materials:  fiberglass, 
polyethylene,  and  acrylonitrile-butadiene-styrene  (ABS).  Fiberglass-reinforced 
plastic  is  probably  the  most  common.  Fiberglass  septic  tanks  should  be  con¬ 
structed  in  accordance  with  American  Society  of  Testing  and  Materials  ( ASTM ) 
D3299  or  International  A.ssociation  of  Plumbing  and  Mechanical  Officials  lGC-74 
as  applicable.  Wall  and  bottom  tfiicknesses  should  be  determined  from  a  struc¬ 
tural  evaluation  of  the  most  severe  structural  loading  conditions.  Because  of 
their  light  weight,  hydrostatic  loads  are  of  particular  importaiuf'  in  the 
design  of  plastic  septic  tanks.  The  neeii  lor  ant  i  f  lot  at  i  on  measures  shoulii  be 
specifically  evaluated  for  .ill  plastic  septic  tank  installations. 

65.  Common  carbon  stei'l  with  coal  t  .i  r  epoxy  cciatings  lias  also  fteen  used 
for  tfie  construction  of  both  welwi  I  Is  and  sejUic  tanks, 

66-.  Ihe  impact  of  corrosion  on  the  in-iteri.ils  iisi-il  tor  septic  t.ink  .ind 
wf'twell  construction  may  be  significant.  The  interioi  surfaces  of  septic 
tanks  arc'  sufijc'ct  to  corrosicin  from  several  source’s.  As  waslew.iter  is  re- 
t. lined  in  the  scqUic  tank  for  long  periods  ol  time,  vixygen  is  deplc’led  and 
anaerobic  conditions  develop.  Hydrogen  sulfide*  gener.ited  under  these*  condi¬ 
tions  is  rele,ise*d  within  the  tank.  Bactc'rial  org.inisms  on  moist  interioi 
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surKucs  convert  the  hvilrogen  siilt'iiie  into  siilJurir  .icid  which  may  attack  the 
m.iti'ii.il  used  tor  c  i  iiis  t  rue  1 1  (Mi . 

t'7.  V.irioiis  materials  have  tieeri  ajiiilieil  to  the  interior  surfaces  of 
S'-ptic  tanlis;  howeV('r,  many  I't  Itiese  have  shown  little  i.uccpss  in  ri'diicing 
‘  or  ras  1  Oil  .  corrosit.ii  iirt'tection  is  iiioic  important  in  steel  septic  tank  con- 
.-.Iriulioii  than  in  cither  lonireK  or  plaslii  tanks.  Prior  to  f  a  b  r  i  ('a  t  i  on  ,  the 
.leel  slioulil  bc>  sairlli  i  ast  to!  ,j  i  sho  t  b  1 .1  s  t  ed  to  a  "white  iiK'tal"  1  inish  as  recom- 
iiit  'i.n  ,1  tiy  i  lu'  rttel  sl/ie  tural  paiiiliny  spe.  ificatioii  SP-b-hi  or  NACEi'2  .  Aft(“ 
I  ieaoiny,  lal'ci.oit  loll,  i  ii i  (■(  t  |  ( ui ,  and  spot  roclfaning,  the  surlate  niiisL  f'e 
c'  !  d  betore  oxmla  i  (Mi  lai,  iioiiwur.  Coal  tai  ep.',x\  or  b  i  t  laiii  nous  products 

Me  c  1  t  eii  applii'c.  in  .,ne  or  two  coats  to  a  drv  film  thickness  of  8  mils. 

>a'c  .111  p  1  (.1 1  (“c  I  1 '  >1 1  1"  ly  a, So  be  used  ill  conjunction  v.  i  Lh  steel  tanks.  Magne- 
'  M!,;  anode.s  are  normal'.v  used  for  t'atliodii  p  rti  t  ec  L  i  on  . 

'.■a.  in  addit  i  o.i  !  <,-  vm,.  i  ros  :  on  (  oils  i  d(,•rat  i  oiis  ,  tibi'rglass  has  been  shown 
■-  .  lit-  ri'.rate  f  >  c'm  moisturt'  wicking  along  the  gla;>s  tiiiers  should  the  eiiges 

b(  C'line  (C'lpcsed  to  nicMslnre.  Wicking  may  lie  inniuced  by  application  of  resin- 

lich  .oating  or  ge '  coat  to  all  surfaces. 

I  ns  I  a  1 1  a  t I  on 

bb.  .Septic  tanks  should  be  insC^Jlcd  in  .iccoi'fiance  with  sound  engineer¬ 
ing  pr.iit  ICC.  7'he  i  on  backfill  adjat'enl  to  the  installed  septic  tank 

should  be  placed  in  6-in.  lifts,  moisture  to  be  optimum,  and  compacted  to  90- 
pi'iicut  relative  density  (.'ViASHTO  T-99  or  T-180  for  standard  and  modified 
proctor;.  Stones  or  (lebris  having  a  diameter  of  4  in.  or  larger  should  not  be 
1  rn  I nded  in  the  backtill  material.  Backfill  in  the  vicinity  of  the  septic 
t.niK  inlet  and  outlet  piping  should  be  manually  jilaec'd  and  should  consist  of 
crushed  rock  or  washed  gravel  to  a  depth  of  (>  in.  over  the  inlet  and  outlet 
pifies  with  the  remaining  backfill  placed  in  the  same  manner  as  that  adjacent 
to  the  septic  tank.  Septic  tanks  installed  in  .soft  or  yielding  soils  should 
he  bedded  on  crushed  rock  or  gravel  having  a  thickness  not  less  than  6  in. 

For  particularly  solt  soils,  a  tonndations  analysis  should  be  performed.  If 
the  area  is  subject  to  high  ground  water,  i.e.  ground  water  above  the  septic 
tank  tloor,  the  septic  tank  should  be  secured  against  flotation. 

Tc's  t  i  ng 

7('.  Septic  tanks  should  be  watertight  and  must  be  tested  for  leakage. 
Septic  i.uiks  should  tie  tested  lor  w.i  t  e  r  t  i  ght  ness  by  filling  with  water  to  the 
soffit,  left  standing  tor  24  hr,  and  examined  for  leakage. 


73.  T(ie  grindiT  iiurnp  unit  (hoili  ('cnl  r  i  1  ug.i  1  .iini  spiniposi  t  ive  ■!  i  bp  J  .i  cp- 
mpiit)  must  tip  pap.itile  ot  i.  iniimiui  i  I  i  ng  (  g  t' i  nd  i  iig  I  .i  i  1  la.itptial  pxppitPl  t<.  I'P 
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S  e  r  vj_c  e  1  ines 

78.  The  service  line  consists  of  the  piping  and  appurtenances  tutween 
the  pressurization  unit  and  the  pressure  sewer  main.  Service  line  piping  is 
sized  to  ensure  the  maintenance  of  minimum  flow  velocities.  Service  line 
piping  usually  varies  between  1-1/A  and  2  in.  in  diameter.  Small  residential 
installations  usually  use  1-1/4-in.  servici'  lines  whicli  have  been  recognized  to 
otter  the  best  compromise  between  costs,  provision  of  m-cessary  stouring  veloc¬ 
ities,  and  minimization  of  head  losses.  (Tic  l.irgcr  pump  i  ns  t  a  1  1  .i  t  i  ons  tound 
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valve  either  directly  outside  the  pump  wetwell  or  near  the  pressure  sewer  main 
connect  ion . 

81.  In  addition  to  the  check  valves,  a  gate  or  ball  valve  will  normally 
be  located  in  the  wetwell  on  the  discharge  side  of  the  pressurization  unit. 
These  valves  .serve  to  prevent  backflow  when  the  pressurization  unit  is  removed 
from  service.  Maintenance  on  the  service  line  is  also  facilitated  by  the 
installation  of  a  corporation  stop  or  other  type  of  valve  on  the  service  line 
near  the  pressure  sewi-r  main. 

82.  Service  lines  must  he  installed  at  a  depth  sufficient  to  prevent 
damige  from  either  mechanical  loads  or  freezing.  The  installation  depth  de¬ 
pends  on  the  site;  howt'ver,  a  minimum  depth  of  1  ft  is  recommended.  In  most 
i.ises,  thf'  service  line'  slopes  upward  to  the  pressure  sewer  main  connection. 

!n  those  cases  where  the  service  line  slopes  downward  to  the  pressure  main,  a 
SI' r  1  n>;- ;  o  ided  check  valve  should  be  iiistallcnl  iu  tlie  pressurization  unit  wet- 
wi'li  to  niitiiiiiize  the  [lotential  fc>r  siphoning  problems. 

8d.  I’n's.'-'iii  e  sewer  .'■:ervici  lines  and  potable  water  supply  piping  should 
lie  installed  with  at  least  U)-ft  horizontal  separation.  Where  pressure  sewer 
m.iins  are  installed  on  oiu'  side  ot  a  street  or  road,  service  line  connections 
t roni  the  opposite  side  o!  the  street  should  he  installed  by  boring  (if  the 
roadway  h.as  been  siirtaced),  or  installed  within  a  bored  rasing  in  heavily 
'.  'M  t  f  1  (  ked  areas.  llie  potable  w.iter  supply  line’  and  the  pressure'  sewer  ser- 
i  I  line  nay  be  b'lrc'd  heneatli  I  lie  street  surface  in  the  same  pi'oximity  pro- 
■  1  !'  d  that  eithe.'-  I  i  ri('  IS  installed  in  an  .ipjiroved  rasing. 

8A.  .\  .  o  rpo  iM  t  i  on  oi  "V”  v.ilve  should  he  loc.itc'il  at  the  street  or  prop- 

'  itv  line  ;o  isoi  lie  tic  service  1  i  in-  t  i  oni  the  pressure  sewer  main.  The  valve 

i  1  er  ainl  '  ip  sti'iiilil  be  I'lC.iti'd  out  of  .icc't'ss  ol  ro.id  t  ra  t  f  I  c  to  prc'vpnt 
liiii.ee  t  c.  I  he  riser  winch  i‘'ii!'l.  In  tuiii,  cTiish  the  service  line.  Some*  pre^s- 
III  e  .'■wei:.  '!o  r.i't  pi'  vide  .1  risc'i  '>!'  '..live  l>ox  to  locate  or  sc'ivice  I  llc'  t  heck 

a  ! '.  e  loratc'i  rieai'  lie  stieei  on  the  a  .s  Miin|:  t  I  on  th.ct  failure  would  he  a  rare 

'•  aieern''  and  that  i  here  i  .ii.jeinent  s  ..(>n|il,  it  necess.iry,  bc'  located,  exca- 

e,i  t  e  i  ,  ai'il  •  I'.I  1  I  eit  . 

r,  '  .  Servne  ires  c.i.-i  he  |oii:tc'il  ra^  I  In'  suit. ice  and  then  placed  into  the 
'■X'  iv,it‘’i!  trench.  I’lpes  sh.i  1  I  be  iiiiiled  in  ace(jrdanc.“  with  tile  m.inufac'- 
t  II (  I  '  s  pric'd  Mic  i  met  I  oils  . 

Hi  .  !  he  itep.li  should  II  t  be  exc.iv.ited  lor  .i  di.sl.ince  greatc'r  than  can 

tie  t'liklilleil  diirini.'  t  lie  s.iiiie  d.iv  of  c'xc.i  v.i  t  i  on  . 
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I  I  I  (  ■  HI  t  rills 

.  Tiio  I  i|if‘ ra  L  1 1  HI  ul  f)olii  grinder  piinin  and  septi';  Lan  k- e  f  f  I  neri  t  (HiitifM/ig 
.svstenis  IS  con  t.  rr,  I  i  nd  by  measuring  C  tit'  li'vcl  in  tfie  septic  tank  or  t  fit'  wftwt'll, 
Un'it'  arc  four  basii'  types  of  level  sensors  userl  with  grinder  pniii[i  and  sept  it 
t  a  n  k-e  t  {  I  ut'ti  t  pumping  synslems.  i  tiese  inrlude  nierrurv  level  control  switcfn-s. 
magnet  'I,  weight  displacement  switcfies,  pressure-sensing  switches,  and  dia- 
ph  ragm  sw i t  dies . 

8h .  f‘tercnry  level  control  sw  i  tcfies .  Mercury  level  switches  contain  a 
mercury  coiit.ict  switch  encaserf  in  a  po  1  yurel/iatie  fui  1  1  .  In  tfie  simplest 
system,  three  separate  switches  are  required  with  each  switch  designated  to 
either  turn  the  pump  on,  oft,  or  activate  tfie  high  level  alarm.  Differential 
mercury  switches  that  comhine  the  fiiiutioiis  of  the  on  .and  ol'f  switchi's  have 
rr'c'c'ritly  been  introduceil.  .A  sep.ir.att'  nirrciiry  .sidti'h  is  still  rt'qiiired  to 
.n  tivale  the  high  level  ./I  arm. 

'iO.  M.ignet.’i  wf'ight  d  I  sj)  1 .11  fiiic'iit  switches.  tin-olf  li'vel  is  control  leal 
hv  two  ad|u.stahlt  pl.isti'  <  1 1  s  p  1 .1 1  r'mc'n  I  wi'ighls  (■(.uinei  t  eii  to  <i  magnetic  svcitch. 
During  <.p(  r.it  I  on  ,  wife;  ri.ses  in  die  wetwel)  or  septic  tank  until  .ilunil  one 
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91.  Pressure-sensing  switches.  Pressure-seMis i ng  switches  can  be  used 
in  conjunction  with  a  bubbler  system  to  measure  liquid  depth  and  thus  control 
the  operation  of  the  pumps.  Bubbler  systems  measure  liquid  level  by  determin¬ 
ing  the  air  pressure  required  to  force  a  small  stream  of  air  through  the  lower 
end  of  a  tube  extending  to  the  bottom  of  the  wetwell  or  septic  tank.  The  back 
pressure  in  the  pipe  depends  on  the  depth  of  licpiid  over  the  open  end  of  the 
pipe.  .A  pressure  switch  senses  the  hydrostatic  pressure  and  activates  the 
puiiip.  A  similar  switch  can  he  installed  as  a  high  water  alarm.  Bubbler  sys¬ 
tems  reijuire  a  source  of  compressed  air  anil  must  be  vented  to  the  atmosphere. 

92.  Di<pphragm  switches.  Pressure  diaphragm  box  type  sensors  operate  on 
the  principle  that  air  in  a  diaphragm  box  com|)resses  as  the  water  level  rises. 
Ihe  diaphragm  box  is  fixed  at  a  location  that  becomes  the  reterence  point  tor 
the  measurement  (Metcalf  and  Rddy  1981).  As  the  liquid  level  rises  above  the 
di.iphragm,  the  pressure  on  the  diaphragm  compresses  the  .i  i  r  tr.ip[>ed  in  a 
closed  tubing  system  connected  to  a  prc'ssiire-sens  i  ug  eiemeul.  Ihe  pressiire- 
sen.siug  element  transmit.s  the  on-off  signal  to  the  piiiiij'.  lli"  diaphi’agin  switch 
I  111  he  used  in  septic  t  a  n  k-e  f  I  1  iieii  t  |)um|)ing  systems;  however,  it  is  not  geiier- 
.1  1  1  v  recoiiimeiided  for  grinder  [iiinip  systems  because  ot  the  pi'teutial  for  solids 
buildup  around  the  d  i  ai'hragm .  Diaptiragni  switches  must  he  vented  to  the  .itmo- 
s(ihere,  A  second  diaphragm  switch,  mercury  switch,  or  pressure-sensing  switch 
must  he  used  il  a  high  w.iter  alarm  is  installed. 

I .  I  e  I  t  r  1  I.  .  I  I 

9i,  Klectric.il  appurtenances  primarily  depend  on  the  ty|ie  of  pump  and 
imitet  selected  tor  the  installation.  .Aihl  i  t  i  ona  I  .ittentioii  must  .i  I  so  he  given 
te  I  he  pniiiti  .ind  ,1  1 .1  nil  svsteiii  wiring. 

lirinder  pumps.  Most  gtirnier  juiiiip  i  ns  t  .i  I  1  .i  t  i  on  s  require  either  a 
.'(i.S-  or  2  fO-v  single-phase  [lower  source.  Some  l.irger  instal  l.it  ions  wi  1  I  use  a 
I  h  I  . 'e  -  ph  ,1  s  e  servile.  In  either  case,  the  lol  lowing  rei  oiiiiiienda  t  i  ons  c.in  he 
111,1  de  1  1  ;n  e  r  n  i  11  g  the  ('  I  e  c  t  f  1  c.i  I  i  n  s  t  i  I  1 .1 1  i  on  . 

dh.  S  i  111  e  the  single-phase  siibiiie  rs  1  b  I  e  grind*'!  pumps  have  .1  c.ipacitor 
■  t.irt  tvi>e  motor,  t  ti*’  cap.ii  itors  .ind  .starter  ri'l.iys  must  he  iat*'d  in  .1  sep.i- 
t  1 1  f  I  .  'll  t  I  1  I  p.  I  lie  I  ell  i  I  os  1  re  .  111*'  (  'ui  t  ro  |  p.i  ne  I  c.i  n  lue  1  oc.i  t  ed  either  >  1  u  t  s  1  de 

using  ,1  M-.‘‘l.\  i  cm  leisure  or  inside  the  si-rvii*'  loi.itioii  le.ing  .1  M.'iA  1  ein  lo- 

1.  n  I  <  ,  for  safety  r  e,i  s  on  s  ,  it  is  1 1  .s  11 .1  I  1  v  re  e.  iiiiim’iid  ed  that  tin'  i  o  n  t  ro  !  p  .1  n  e  I  he 

P  I  ,0  ed  within  sight  of  the  [>ump  wi’twell  m  sept  1  i  t.ink. 

')>!  .At  .1  iiiiniiiinm,  t  ti*'  loiitiol  puinel  should  1  n<  I  nde  .1  iii.ignetii  st.irtei 

if> 
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with  ambient  I'onipens.i  t  oil  h  i  mi- 1  a  1  i  i  i  oveil.-.n!  rel.i\,  Che 
test  hiilton  tor  .s  i  iim  I  a  t  i  on  .,i  ove  r  I  oa  .1  I  rip  am)  .i  inani.a,  irOfl  lajitou.  !aii'l 
proleolioii  shoiulii  !'t'  provi..it‘'i  via  a  iiioiilfl  lasc  iiiaKtiol  i  .  .  i  ta  ii  i  I  lii-aki  i  uu! 
internal  i  omiiion  trip  or  anilliple  pole;..  .A  liam  I -i  >  t  |  i,  i  ■  lua  t  1  i  I  aor.le  switili 
lor  liaml  operation  with  a  >;reen  iipjit  to  imliiale  tlm  pnitip  rmaiini;  iiio.li  nl:.,.!  ! 
tie  nrovided  (or  eaiti  grimier  [iiiiiip  ainl  naiiiuteii  on  a  (ir. i-._ke!  :r.:  i<l"  t!ie  lonti'  ! 

panel  en<  loaure.  Die  loiUrol  panel  .nlioulil  tie  <_> )  li  i  j;);  ipnililv  ion.'-' t  rn;  t  i  oi, 
that  nu’f'ts  ill  safety  i  odes  as  well  as  miti'iial  eleftrii.il  lodo;  .  I'uiiip  fon- 
t  ro  i  s  and  wi  iu>i  mils!  he  ui'essihli'  and  foiiiplv  with  .ill  i  ode  reyn  1  .:  t  i  ons  to 
ensure  the  satety  o!  the  service  user  or  opeealin^  personnel  :n  the  e'.'eni  iif 
jiower  taiinre,  pump  I  i  i  1  u  i  e ,  or  I  J  ooded  wetwell.  in  extroiiif  eases,  .is  .in 

altein.itmc'  to  tlie  above'  ins  t  a  1  1  a  t  i  on  ,  .iii  exp  1  os  i  on -[■  roo  t  ea.imhination  laotei 

<  ont  ro  1 ,  ]  unit  i  on  hc'X  may  he  inslalied  inside  the  w(tw(.!|  or  septii  l.iiik. 

h7.  Sell!  i  pos  1  1 1  ve  d  i  s  p  1  aeeiiu'ii  t  pninp:.  haviriK  the  starter  and  e  .i(i,i  e  ;  t  o  r  ;  ;; 
the  pump  lore  rettn  i  re  only  ,i  standard  jiuution  box  hookup  the  iiowet  snurii  . 

h.^.  hoptie  tank  etllm'iit  pumps .  Tin-  e(.intr<)!  systems  tor  sepilie  Lank 
ettliient  systems  art'  somewhat  less  f  omp  1  i  ca  I  t''d  than  t  In.se  for  grinder  pnmp 
systems.  Sinte  the  motor  starters  ind  eapatilors  are  lofatt'<l  inside  the  mi'tor 
housing,  a  separate  control  panel  coi.laininu  tfiese  components  is  not  reipiired. 

.A  .separate  control  panel  may  he  cpcju  i  rt'd ,  however,  for  the  le\'el  control  sen¬ 

sors  .ami  other  crmifionenl  s  . 

9‘t  .  Ivdring  ami  alarm  sy.'^lems.  Wiring  '  i'  ctnncct  Ihf'  pump  mot<...;s  to  the 
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manufactured  in  accordance  with  the  requirements  of  ASTM  U2239,  ASTM  D3035,  or 
AWV/A  C901.  PE  pipe  has  performance  characteristics  similar  to  PVC  pipe.  PE 
pipe  joints  are  heat  fused  in  accordance  with  the  requirements  of  ASTM  D3261. 

118.  .Acrylonitrile-butadi ene-sty rene  pipe.  ABS  pressure  pipe  is  not 
normally  used  for  pressure  sewer  system  piping.  However,  ABS  pressure  rated 
[)ipe  has  been  used  in  water  distribution  systems  and  could  h.ive  application  in 
the  const  met  i  i.)n  of  pressure  sewer  systems.  ABS  has  performance  characteris¬ 
tics  similar  to  PVC  or  PC  pressure  pipe.  ABS  pressure  pipe  sliould  be  manufac¬ 
tured  in  accordance  witli  ASTM  D2282 .  ABS  pressure  pipe  can  be  jointed  using 
either  flexible  elastomeric  seals  in  accordance  with  ASTM  D3139  and  ASTl'l  F477 
or  ce'ment  joints  in  aicordance  with  .ASTM  FS45  and  .ASTM  02233. 

(It  her  piping  materials 

1  I .  f-ibergl.ass  reinfOrced  thennosi't  t  i  iig  resin  (  FTR  )  piressure  |nj'e  . 

FTP  pipe  IS  used  commonly  in  the  chemical  process  industries  for  the  trans()oit 
>it  w.iter  .ind  wastewaters  with  elev.iteil  t  caiipe  r.i  t  ii  res  (up  to  123°  F).  The  rela- 
t  I'celv  high  lost  of  FTR  pipe  h.is  (>rec  liided  its  gener.ii  use  (Or  pressure  sewer 
service.  Howi'ver,  f  TH  pipe  would  be  .in  .acceptable  .ilti-riiate  pipe  iii.ileti.il  for 
severe  service.  F’l’K  pipe  should  be  in.inii  I  .h  t  ii  red  in  .ic  I'ord.mce  with  .AS  I M  lf29'ui. 
l)2il(J,  or  1)37,34  with  dimensions  as  spc'cified  by  .AST.M  l)33()7. 

12(1.  Pressure  sewc'r  pipe  is  notm.illy  spec  ilieil  by  I'ither  the  (iressui'e 
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■d  its  o|i|.r.iting  t  eiiijie  r.i  t  11  re  .ind  t  lic'  length  ol  time  tint  the  sustained  pri'S- 
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12  1.  Ductile  1  roll  pressure  pipe-  Ductile  iron  (  D 1  )  ,i  nd  c  n  s  t  i  i  on  i  i  !  ) 
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Rfaumei)  pump 


Tt'^MI^AL  NODE  ELEVATION 


CONTROLLING  ELEVATION 
FOR  THIS  AREA  IS  AT 


controlling  elevation 
FOR  This  area  is  at 


terminal  node,  a  lift  station,  or  a  cont  ro  1  1  i  n>j  elevation  is  .iciumulated  and 
the  required  piimj)  head  at  each  node  may  he  determined.  Fiy,Lire  17  illustrates 
the  calculation  of  the  required  pump  heads.  I  he  reipiired  pump  head  is  the  dif 
fereiirp  tietween  the  rec|uired  pump  dischargr'  d.ituiii  and  the  p  i  i>e  <■  1  ev.i  t  i  on  .  If 
tiie  required  pump  pressure  hei'omes  e.xcessive,  the  user  may  wish  lu.st.iil 

intermediate  litt  stations  at  selected  points  in  the  system. 

Materials  of  Construction 


]  he  !•:  op  !  a  s  t  ic  laatt'riais 

llu.  holyvinyl  chloride.  Pressure  sewer  mains  h.ive  generally  been  con- 
si.  re  ted  i.f  pl'C .  PVC  pressure  sewer  pipe  should  he  inanu  f  .act  u  red  in  amirdance 
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Ih'  .'*W'v7,  C'uip  dr i  gna  t  i  on  is  applic.itile  lor  [iressiirt-  pipe  hating  nominal  diam- 
oetwcr-n  4  .and  12  in. 
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Ml.  1  he  tirst  p.ilh  through  the  svstem  is  designed  to  aci'umulate  Mows 
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111.  After  completion  of  the  tirst  pass  through  the  system,  .i  second 


p.iss  IS  made  in  tfie  direction  ofifiosile  t  h<‘  flow. 


The  hf'.ad  lo.ss  from  the 


Bj  r 

IK'S  ,  1 

rif.  . 

i  19 

7  7) 

,  reeumnu'iiils 

iisii:K  a 

li-  I  .11  t  D  1 

dI  Fit) 

1  D  r  sept  It  t.ink- 

t 

1  IK'II  t 

[)tinip  1  ng 

s  y 

si  ('Ills.  Fi) 

1  y. 

r  J  inl*  t 

pump 

S  V  s  t  c 

ms  ,1  r- 

I  ,K  1 ...  1  . .  1  140  |>  ri. V  1  lies 

.1  s 

,1 1  (‘1  y 

t'  a  c 

t  u  I 

t  o  t 

a  n  1  11  i  |i a  t 

ed 

rt‘a  sc 

irul  s 

o  1  I  li 

hll  1  1  dllp 

p r. ill  1  eiiis  . 

lot. 

Although  ItiK  tivilr 

.III  1 

I  ^lc^;  1 

Kii  '■! 

.1  pr 

essu  re 

seuer  S',  stem  must  t  ake 

i 

.  .  ,l(  1  !  1 

ii/i  1 

S  <  ‘  V’ 

t'  ra 

I  f.ictDr.s, 

1  iie  p  ;  iii.i 

I\  to 

li  1  c  ri! 

IS  the 

head  .|  i  si  h.i  r  ye  t  h.i  r- 

.irl 

t'  r  i  s  t  1 

C'S 

ol  du- 

se  1  ('(  1  f 'll  |) 

res 

Ml  1  1  .r.i  t 

lofi  U 

n  :  t  s  . 

Ihe  s 

1  i;ip  1  ('..1 1  ,1  nd  nil  s  t  i  <  ‘in  - 

llhMl 

1  n  s  1  a 

1  ia 

1  i  (j  1 1 

I'lllplovs  IISl' 

lit 

1  (III  1  1  ( 

uga  1 

pum[)  i 

n>)  nil  1  t 

s  t  h .  1 1  e  A  fi  1  h  1  t  till  nil 

<•  i  .1 

1  I'.i  pa  I  i  t.  y-  lie 

ail 

curves  i  1  1 

m.t 

riled  1 

Il  1  1  J- 

ais-  1 

■)  .  In 

add  1  1  1  Dll  Id  iii.i  1  i  h  1  up 

ap 

a  (.  i  t  V  - 

ill’.) 

1  !-<■ 

ipl! 

I'eiUt'iit  s  ut 

1  he  I nd  i  . 

1  t(u,i  1 

J)  ICS 

1. 11  r  1  /. .  1 1 

lull  units.  It  IS  air... 

r‘ H 

OlllllUTiii 

t'.i 

that 

a 

1.  enl  r  1  t  iij;  1 

1  P 

'Ulll|l  sliD 

11 1  d  net  lie 

spet  1  I 

led  inuie  r’  (  Diid  i  t  1  .  ais 

I'tMpj  ]  r  i  DX' 

Kr 

r-.i  t  (' 

1  t  l)al!  K")  pi'  j- 

rent  Ilf  t  h 

e  .1  V.l 

1  1  .ih  1 

e  hi  ,1  d 

when  .  'j.i  an  1  1  n y  .i  1  i  au  . 

10  ,• 

TIk' 

f  1.) 

1  <iw  i  ()  r<M  a»(lu  ra  *  i 

1 1  p  1  ( 

.1  M  y 

used  Id 

•  ipp  j  D.x  !  III.I  t  e  1  h  1  1  .11  ,  - 

1 1 ,1 

1  tiyiir 

a  11  i 

i  1  (1 

1  ‘  S  1 

XU  of  a  1 Dw  p 

re.s  sii  re 

seW( 

1  sys 

1  ('III  . 

a  . 

Del 

e  rill  1  lie  (  tie 

III 

1  1  lll.l  t  e 

iiaiiihe 

r  d| 

I  ,i(  lilt 

1  es  Id  he  s  e  1  \  I'll  1 1  y 

1,  Ik' 

system  aiul  i 

fioDse  .1 

lies  1 

.r.n  pe 

.1  k  II  Dr 

v,i  1  ue  1  D  r  e.n  h 

t  a  I 

1  1  1  1  >■  . 

fi  . 

Ore 

p.ir<*  a  eoiiili-Tise'l  plan  aii'f 

pro  1 

1  1  e  1)  1 

t  he  sy.s  t  eiii  1  nr  1  nd  ;  ny 

app 

ro|ii  lale  node 

-s  lor  1 

hailge 

S  111 

d 1 re( t  i 

Dll  ,  r  h.inyes  in  pi  pe 

;;  1  /.e  ,  ami  po  i 

Ills 

of  enl 

ry  Id 

I  w.islew.iier 

1  1  DW  as  . 

(■  . 

K  va 

liiale  1  tie 

reipi  i  rt  inenl  lOi 

a  i  r 

feM  c.i  S(' 

.ind  pressure- 

s  us  t.  a  i  II  i  ng  va 

1  VC 

s  . 

il  . 

Del 

e  mil  tie  and 

!>l 

(;t  hy<lr 

■III  1  i  (' 

Kfade  1  i  lies 

( Ill'll.  )  ( airrespond  i  iiy 

t  o 

V .  1  r i D u s  pi 

pe 

:•  :  /*'S  . 

P  i  pe 

S  J  /(' 

s  that 

i  nd  i  (  .1 1  e  .111  excessive 

l.’t 

a  I  dvii.im  1  i. 

In 

a-i  (  TiBI 

,1  s  iiDii  Id  he  e  1  i  m  i 

n.i  t  ed  f  rcnii  1  n  r  L  he  r 

1  . :  I  ,• 

s  1  '  le  ra  t  i  on 

App rep r 

J  .J  t  c 

.id  J  us 

t  men  1  s 

must  he  ni.ide  where 

1"  ' 

,D. li  ra  -  s  us  1 

a  i  n 

1  n,K  va  1 

Vcs  .J 

re  used  lo  in 

.1  i  til  .1  i  n  pos  i  1  i  ve  p  res  - 

S  11  f 

e  and  prev 

(lit 

1  1  lie  d 

ra  1  na . 

1'  . 

Se  1 

ei  1  i  u 1  1  1  a 

1  p 

r  e  s  s  11 1  e 

nil  1  n 

(  Dill 

i  KU  r.i  t  1 

ons  ,ind  s  i /.c's  based  dii 

f  •  1  <  1 

ll'.illl  IIS,  p  t 

e  •  s 

lire  1  i  111 

1  1  .Il  1 

Diis  , 

.iiid  .1  r 

e.isonah  1  e  ,i|ipia)x  ima- 

1  1  DU  I)  t  pump 

1  [l.l 

1  .liter  1 

slits 

1  . 

Br»- 

pile  ,1  d  V  n 

a:n  i 

(  IKd.  i. 

used 

Dll  III 

e  r a  111  1  i 

yiirail  i  dii  ,ind  p  i  pc- 

'  I  I  a 

s.'leele 

■i  1 

n  ,  I  ( '  i ' 

e  .ihD 

'.('  .Ill 

d  selm 

1  1  nd  1  V  1 .  lu.i  1  p  1  ( 's  s u  r  - 

;  1 

:  1  Di,  III!  ,1 1  s 

iiased  Dll 

s  1  t  e- 

spe,  , 

lit  he.i 

d  C'.iid  1  1  1  Dll  s  .Hid  ic" 

‘  pi  1 

1  e . 1  til  iW  1 

ifi.i 

1  it  i  e  s  . 

ind 

1  'a  1  d  11 

.1  1  pies 

Mi  r  1  /.I  t  I  Dll  nil  1  1  c  h  1 1  - 

ai  t 

I  ■  1  1  t  1  '  s  , 

del 

1 ved  1  1 

..III  III. null  M 

liner's 

1  1  t  e  1  1 1  u  re  ,  iiius  1  he 

led  !  1 , 1  s  11 

1  t  1 

(  I  e  n  (  '» 

i)y  (  •  • 

nip.i  r  1 

1 1  y  till' 

pump  c a  1  r 'l  l' s  w  i  t  li  t  fi e 

; .  ; . 

!  '  in  did.  uli 

'  r  t  ■ 

1  lie  |>uii!p  1  .1 

1  e  1  . ,  ! 

1  nt  e  ! as 

1 '  1  Is  till'  pressure 

:• »  V. 

1  ■  1  Ilia  III. 

i  he 

pump  1 

.ipa(  1 

1  v-ie 

id  (  11  r  V 

1  ■ iim s  1  hi  a d  1  us  1  ei  1  f  d 

iira 

.1  IdSSI",  I 

n  1 

Ik  scia' 

1  (  ('  1 

1  III  . 

1  (.K 

1  Ik- 

;.<■  1 

ei  t  1  on  111 

.III 

.ipp  riip  I 

1  a  t  c 

press 

U  1  1  /. .  1  1  1 

Dll  un  1  1  de|ieuds  dii  t  he 

llV'l 

I  a  II  1  1  ( 

pr 

dill 

('  n 

f  tile  sy  s  1 

(■111 

.Hid  t  he 

<  iia  r 

.Kiel 

1  s  t  i  r  ( 

cai p.i r  1  1  V - he.i d  )  curves 

..  1 

t  h>'  pump 

rhiis 

(■  ri 

tor  the  sy 

st  e 

m.  Ihe 

.1  n.i  1  y  s  1  s 

sliDii  1  d 

1  nr  1  iide  seve  lai  1 

I>AKT  V  ; 


PHI.'.SSl.'RK  SKWKk  MAIN  li 'NSTKUl'TKjN 


H\  it  r.i II I  1 1  Dfs  1  i;ii 


lOl.  Prcs^iiii  Ml’.,-  ir--  r.i  i  i  v  .icsigueil  .is  ri  lir.iruheil  sysLe^rn 


sy  s  t  f' s  I 

'»)  ]  ;  a  /* 

t  o 

\..)I  f 

r  '!  ] 

t  r 

1  but 

loll  syst 

ems 

a  1' 

t'  t 

eeh 

M  1 

C.ll 

1  y 

f  e  a  s  1  b  1  e 

ilO'ys  f‘ Vt'  : 

• ,  })  r'.uiciK" 

1 

in : 

a  i  f- 

'  '  )  1 1  S 

■ 

rt'<i 

to  t'.ive 

hot  1 

1  o 

I)(‘r 

at  i 

i'D 

.1 1 

a  nd 

ma 1 nte- 

iiaiii't'  a 

, <1  c’.i  11  Let  i-. 

If  i 

ire.l 

i  .‘UK- 

i\t>V 

r*  !  uj 

'  i  i: 

(-'lie  of 

l  ho 

hr 

am* 

fit  . 

. 

t  he 

hr 

aiich  (.an 

1 '  f  -  !  s  ( • : 

a  t  '■'  ( i  tor  r 

a  1  a  i  I 

1C  1 

A  t  t 

t-rl 

i  tiM 

t  he  'ciii.i 

1  lull. 

■  r 

(1  f 

t  iit‘ 

\  s  t 

em  . 

The 

.ll'f  f:b- 

■^1  'irif:  Ilia  ;  I 

:S  .llioi 

lid 

1  i 

1  :  .1 

1  til  t 

1 1) 

p  I'lV  1  tie 

the 

sh 

>  r  t 

t  r- 1. 

1 

nn 

and 

Ifie 

t  C  \v  r'S  I. 

>  1  i  t  •  1 

1  1 

II  . 

i  ilt 

laaimifc 

ting  pip 

i  1  111- 

he 

l  we 

eii 

[>  r 

.me 

lies 

may  be 

I  i!:.l  I J  l<‘ii  t'.  [)ro\i..-  :  .liii  ■iiK  I '"I'  I'l  systcn;  i  ciiiHi.l.un  v  ;  ti  n-'t- vc  r  ,  the  opportu- 
iii'.y  (.'■  iM  (ir'.'iiii  I !  ,1 ;  I  V  M'Sl.i.U  itu'.r  !.)i'|iKig  j  n  I  !•  I  ‘  oruici' t  1  fais  cioi-s  not  occur 
■'•or'’  oti'ni.  Ill  .uiy  i  :-;i',  liver,  in  .i  (ip  i  op  r  i  .i  t  e  iii.n.es  ensure  that  the  syst'Mii 
1  ,s  I  peratoii  ;  the  hi  inihfii  ikoiIc  .i;i'I  .is  su^ll  iiii:st  hr  un.ilv/eii  .i  .s  a  branched 
.sys  t  eni . 

!02.  l  iu  hynr.ii.lii  di  siyn  ol  pressure  sever  systems  is  normal  Jy  based 
on  I  comp  t  (.'III  e  lc't^.^eeM  m.i  i  ni  en.inee  of  sioiiring  v(‘loi  ities  .ind  mi  ninit  zaL  ion  of 
head  Icisses  ii,  tlie  systimi.  M.iintenance  of  scouring  velocities  is  particularly 
importanl  foi  grinder  fuimn  systems  when'  gre.ise  .iii'i  soliiis  may  present  prob¬ 
lems  111  syste-m  o|ierat  ion. 

103.  .Minimum  sconiiiig  velocities  can  be  estim.ited  by  the  following 
epilation  (Kriessel,  Cooper,  .ind  Kc'Vi'k  197/): 


w'he  re 

=  minimum  scouring  velocity,  (ps 
s 

n  c:  itisifie  diameter  ol  pijie,  in. 

104.  i'.iKpe  r  i  en  ee'  in  I  he  oper.it  ion  ol  sever, il  pressnie  sewer  systems  null 
(Sites  th.it  an  ahsoliite  minimum  vf'loi  itv  ol  d  1  ps  should  be  m.iint. lined  if  .it 
.1  1  1  poss  I  t)  1  e  . 

103.  He. id  loss  (  .1  I  rii  1 ,1 1  i  ons  to;-  ptessnre  .sewer  systems  .ire  genei.illy 

ti.ised  on  tfie  Ilazin-Wi  I  I  i  .ims  formiil.i,  l-'or  l'\'(i  or  other  rel..l  ively  smooth  pipe 

materials.  .i  ll.i /.  i  n  -  W  i  1  1  i  .inis  i.f.i'loi  of  1.40  to  130  is  norm.illv  used.  I’l'.ibods 


137  Po  1  yt'l  hy  i  ftii'  ['ipf  t.iiui'il  be  solvent  v.eldisl  but  must  be  heud  t  usefi 
to  pruvidt'  installation  of  (onneetinK  sei\iio  1  i  ij,  s  .  I'o  1  ye  t  hv  I  ene  i  an  form  a 
solid  joint  at  bi  y,h  t  iiijie  ra  t  u  i  es  so  luat  t  tie  joint  itself  is  stro-nger  than  the 

])  i  I'e  vail.  A  variety  ot  transition  iittings  fvir  j-o  i  yet  liv  1  one  |i  i  (le  a  re 

a va 1  table. 

I  ns  1 .1  1  i  .1 1  i  on  .ind  lesling 

f'  i  p-.'  1  ns  I  a  I  i  a  t  1  on 

1  i8.  Pipe  laying.  pressui.'  sewer  iii.i  i  n  i  ms  t  a  1  1  a  t  i  on  stiould  be  in  aecor- 
danie  V.  1  t  ti  .AWWA  I  ;,a  'enous  prm.snre  [i  i  pe  .  .A.'-i  T.^f  D2774  lor  t  fie  rinop  1  a  s  t  1 1. 

(11','ssure  sewer  fi  i  j)>  ,  ind  AS’i'i'1  I)  18  ''f  f.ji  t  tie  i  iiioset  t  i  ng  [iressure  sewer  p  i  ]»e  .  .As 

ail  alternative,  approv'd  iiia  nu  1  a  i  (  u  i  e  ;  s  '  written  i  ns  I  a  1  I  .i  t  i  on  i  ns  t  rin.t  i  ons  tan 
lie  :,cd 

1  .P’.i  .  lit'.iiig:,  ain.i  lonneetions  used  win  re  grade  alignment  changes  re- 
'piire  olr’sets  gle.^l^’r  than  ifiosi-  t  eeoiiiiiiende.l  hy  the  jiressiire  sewer  pipe  mami- 
faetiirer  .stieiilil  lie  i. .  •  r  t  i  (' i 'ul  hy  the  fitting  'ir  connection  manufacturer  for 
Con!)  a  t  1  h  i  1  1 1  y  viti,  tne  pressure  sewer  f'lpe.  l-’rior  to  installation,  ail  pipe 
•in.l  fittings  -should  fu'  cic’ined  and  ins|)ecte(l  for  defects.  All  imperfections 
on  the  face  of  the  spigot,  ton.giie  end,  or  shoulder  should  he  cut  away  or  re- 
pa  i  i  ed .  tracked,  hroken,  or  <lelective  pijio'  or  ancillary  items  sfiould  he  re- 
jtiLed  and  removed  from  the  job  site. 

140.  During  installation,  all  open  pressure  sewer  main  pipelines  should 
he  sealed  with  appropriate  filugs  when  actual  construction  is  not  in  progress. 

.As  installation  progresses,  the  interior  of  tlie  pressure  sewer  main  should  be 
kept  tree  of  dirt  and  debris. 

141.  Pressure  sewer  main  installation  should  be  approved  only  in  dry 
trenches  having  a  stable  bottom.  Where  ground  water  is  encountered,  every 
effort  should  he  made  to  secure  a  t rmich  bottom  free  of  water. 

142.  Pipe  jointing.  The  requirement  for  pipe  Jointing  for  pressure 
sewer  main  i  ns  t  .i  I  1  a  t  i  on  shall  he  in  accordance  with  AWWA  C600  for  ferrous 
prtssiire  jiipe,  ASTM  D2774  for  t  lie  rmo[)  I  a  s  t  i  c  pressure  sewer  pipe,  and  A.STM  D3839 
tor  t  fie  rmose  1 1  i  rig  pressure  sewer  pifie.  .As  an  afternative,  ajqiroved  manufac- 
tiirei's'  written  jointing  i  nst  rtu  t  i  ons  can  be  followc'd. 

143.  (Mugs,  anc  flora ge^  and  tfiriist  restraints.  Pfugs  for  pressure  sewer 
[iijie  wyes  or  le-es,  sliitis,  and  valves  wtiirti  <i  re  not  to  be  used  immediately 


h.'i.'tii  l.(  iii.idc  lit  ail  approvt'il  iii.itcri.il  .iiiil  stioiilil  he  sciiirf'il  in  place  with  a 
i.'it  iii'i'fi.ii  ihlc’  id  tie'  pressure  sewer  iiia  i  ii  joint. 

i  .  ,\ni  ti  'f;.  on  |iresstire  .sewer  mains  stionl'l  tie  placed  at  bends  greater 
In::  ,  .  'teg  .Hid  ilnnges  in  pipe  s;r'-.  .iinhoi.s  should  also  he  provided  for 


i  p  1 ,  ’  I  e  i  I  .•  K  e  s  s  I  i  I  1 1  ,1  tee'-,,  s  t  - 1  p  s  ,  1 1 1  d  -.M  1  V  i 


I  tie  .inchors  should  consist  of 


'  1:  1 1  •  t  1 '  i  o  i  K  s  ,  1  e  s  t  1  .!  I  no  d  I  o  I  n  I  s  ,  ei  I'  t  i  e  -  I'l  id  s  depeini  i  ng  on  the  p  I  |)  i  ng  material 

•-  e  d  .1  n  ,t  t  tn  I  I  on  (.  ti  n  1 1  I  1  t  1  on  , 

I  4  I  .  I!;  lie  I  [o.-ik'  'diiMil't  tie  loiurele  placed  on  and  against  nnd  i  s  t  ii  r  bed 

ii.  I't'-  tfirijit  t'le.iRs  II. list  be  eonstriuted  siicti  tint  the  tliriist  forces  .ire 

:  osmiltod  to  :  he  u  i  t  n  rtie,!  -oil.  |  he  loncreti'  slnnild  have  a  iiiiiiimniii 
.s-.iav  1.  nijiressive  s.lrengtti  ot  dOOO  ps  i  . 

;4(..  l\e  s  t  r  I  i  i;  ed  pnsh-on  loinls,  mechanical  joints  utilizing  set  screw 
"l.iiiei  gl  III'!:,,  oi  iii't.il  in  I  nesses  ot  tie-roifi:  or  cf.niips  may  lie  used  instead 
"in  reti,  thiie-t  'ol-  >  king.  Tie-roifs,  clamps,  or  other  coiiiponeiit  s  of  dis- 
.ii'ii.ii  'iiot.il  i.hoiiid  hr  protected  .ig.iinsl  corrosion  liy  hand  application  of  a 
1 1  t  iiir  I  i.. 'll  ...it  i:ig  'ir  by  eiicaseiiieiit  of  t  tie’  entire  assembly  with  8-iii  j  J  -  t  h  i  <  k  , 

.  ose  p"  1  ye  t  iiy  I  one  1  ilm  .ippiied  in  accordance  witfi  .AWV.A  tlU)b. 

14/.  bipe  i:i.i  rk  1  iijg  .  The  pressnie  sc*wer  m.c  i  n  should  be  colc>r  coded  or 

learly  iii. irked  to  indie. ite  the  function  of  t  tie  piping  system.  .Noiiniet  a  1  I  i  c 
ii»:;:;iiie  ‘■u'wer  s\stem  piping  stioiild  he  t  raecnf  with  nndc' rgroiind  magnetic  m.crk- 
.'!g  1  ip'  .  Ill"  m.i/king  l.ipe  :.;,.,;i!,|  he  inst.illed  directly  over  the  pipeline  4 
'  /■  Ml.  iel  .  .  t;  .  ■  '  '.nd  ..n.'-l  ne  oi  jn'  emenl.  'bilking  l.ipe  stioiild  he  m.ide  ot 


Mali  po  !  , '  1  b  I  '.  .e  -11.1 1  I  1  1 .1  I  with  .1  III  i  n  I  Ml  I  nil  t  h  i  c  kiie:'  s  o  1  4  mils.  Ftie  iii.i  r  k  - 

'  . ,  I  e  .  I  i  1 .  1 1  1  . ;  •  I  I  I  o  I  n )'  h  1 1  s  .1 1  e  t  'i.  1.’  1  eeii  "  .is  .  i  d  op  I  ei  1  by  the  .Aiiie  r  i  c  a  n  1  'u  b  - 

.0,1  \  .  .  I  1 !  I  .  .1,  .  I  111  l.ipe  s  ||.  Ill  i  d  be.,  I  p  I  1  n  I  ed  identification  dc'S  c  r  i  I)  i  ng 

n  I  ,  .  t  p  I  I  III ■  be  I  n g  III.I  I  ke. I  .  Idle  I  iiip  I  1  11 1  s bon  1  d  c  on t  i  nnon s  1  y  repc'a  t  i  I  - 

e  .  ,:,ii  iii.rtli  .'I  till-  t  .i;  I  .  I  he  m. irking  l.ipe  -dioiild  h.ive  a  l-mil- 


e  d  1 1 1  I  I  1  e  1  1  •  ■  I :  I  '  I  ;  '  t  .  I  i  I  n  1  ,  ,  .(-mi!  sheet  o  t  i  11 1  r  t  g  re'e  11  pel',' 

I  W  I  I  I  i  I  e.  f  1  C,  I  n  'he  pipe  ■  I  I  "!•  '  e  ,  |i  i  .  .1  i  i  I  I '  C  I  ,1  I  '  I  i  i  i  I'ei  t  I  V  .'ll 

' '  e  I  .  .  ,  I  ■  the  t  I  e !  1 1  1 .  I  I  .  I  I-  !  I  :  I  e .  I 


r  I  ■  f  I  I  '  1  .  f  ’  I  I  •  ■  ; 


1 1  t  P  I  e  III  e  ,ni  -  I  I  e.j  k.i  ge  lest:. 


i:,  .  t  pip  !■  lie  |e..ii.:  hi.,.'.!  In  -t  tu  po  1  \  p  i  g  ,'j  ■  1 1  oi  tliisho,|  to  ro¬ 
ll  i  .  ■  'Ini  m.  I I  om  1  I  II  :  1 1  Mo  pi  :  ' .  1 1  le  :,  ow  i  - 1  m.i  i  1 1  I  ll  e  t  I  il  s  ll  1  n  g  pro¬ 


le  t  I  iisli  1  ng  pro- 


'don  '.t, 


.  I  ■  1  .1 1  ■  :  .  e  1  .  M  I  I  111  till-  n  I  o  :■  Ml  I  o  sower  m.M  n  s  e  i 


t  I  ( W  I  ‘ .  (ft 


•  it  le.ist  2.S  fps  ami  siioiild  ri'sull  in  at  Ir.isL  i  I  ()0-pi>  ia  cmI  larr  .'.ci  r  ;  t.  ijc 
wat-er  in  lilt  nri'SKure  sever  m<i  i  n . 

ISO,  Pressure  test.  After  the  p  te  s  s  u  re  sev,  <  r  m  i  .  ii  he  I  eiu  i  :i  s  t  a  '  1  , 

partly  ba  r  kf  i  1  1  eu ,  and  fully  riiarp.ed  with  water,  !t  st,-  uiii  he  vuh’e,  led  t  i, 

hydrostatic  pressure  equal  to  eitlu'i  laO  perciuit  o:  tla-  iii.iximuni  opei  iliiit'  |ires 
sure  or  the  ina.ximuin  pressure  ohtainai)li'  daring  flu  i  leaning  operatini,.  whiih- 
ever  is  greater,  but  not  to  exceed  tlie  pressure  rating  of  the  typi-  of  pr'-ssure 

pipe  specified.  The  duration  of  this  piressuie  t'uit  should  he  lor  a  pi’iiod  ot 

not  le.ss  th.in  1  hr.  The  basii  piovisiia.s  o)  C6')0  and  C60d  slioul  1  he 

appl i ed . 

1  h  1  ,  Leakage'  lest.  After  romp  1  el  i  on  of  the  pressure  te*..  .i  le.ikago 

test  should  he  conducted  to  deteniiine  the  qu.sntilv  ..f  ua  I  e  /  J.)’  ;  fiy  le.iiiig.- 

under  the  specified  test  pressure.  'the  test  piissuif  is  defined  .i.i  llr' 
mnni  operating  pressure  of  t  tu'  pressure  sewt  r  :i>  1 1  n  .  .App  I  i  c.ili  I  e  p.'o\';.sions  of 
AUVA  C600  and  L’60  i  will  atiplv.  (Juration  <<f  eacli  leakage  test  sf.ould  ht'  .i  iiiin- 
1  imini  of  1  fir  for  tfie  pressure  ti'st  period. 

l.h^.  l.('ak<ige  is  defined  as  the  ipi.uitily  of  watei'  to  tie  sujiplied  in  tfie 
newly  cons  t  riicteii  pri'ssure  sewer  or  valved  section  under  test,  wlii'li  is  nei'-s- 
s.iry  to  maintain  the  specif  ic'd  leak.ige  lest  [ire.ssiirc'  .liter  tfie  pressure  si'wer 

main  has  hc'en  tillc'd  witti  water  and  t  lie'  .i  i  r  expc  lied.  The  aliow'ahlc'  It'ak.i.ge 

in  g.illons  per  hour  tor  prc'ssurc'  i.c'wc'r  mains  should  not  he  greater  than  that 
dc'terniined  tiy  tlie  forimila  (Florida  Dejia  r  t  rneiit  it  Knv  i  ronment  a  1  Rc'gulalion 
1981)  ; 
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:  ruimbc'r  of  pipe  joints  in  lenglli  ot  [iressiire  sewc'r  main 
:  nominal  diameter  of  ttu’  prc'ssnrc'  sewc-r  main  pipe,  in, 

■  .iverage  test  gauge  pressure-  dnt  ing  Ic-.ikage  t-.-st,  ps  i 
'  le,ik.ige  rates  at  various  pressures  .ire  shown  in  T.ilde 
iressiire  p  i  jii'  sett  ions  h.iving  .i  length  ol  JO  tl  . 
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Spec  1 .1  I  Ponsl  riic  I  ion 


I  ■)  i  . 


Idle  1  II  s  t  .1  I  1 .1 1  I  on  •>(  pressure  sewer  iii.i  i  us  may  teipiirc'  cons  i  ilc' r<)  I  i  on 


I '  .  1  :  I  ■ ,  '  :  ,  ■  t  I  1 1  ■  '  : '  ■  .  ■.  I  1  ■  ■  •  .  . :  :  <  : 

!  i  .  n  I )  i  '  1  i  ■  ■  I .  iii.i  V  I'll  i  ,  •  ;  ; ■  ;  I  '  .  :  ■  ■  .  v  :  ^  ; 

■  r ' '  t  1 1  s  .  I '  r  '  I  x;  ■  1  !■!'■*■.'•  r  1 1 » I  ■  ■  .  1  ;  ■  i . .  :  J I  -  L  .  i  .  :  .  t  i  *  i 

:  li  till'  ’  ■  1  1  M  i  I  \  , '  t  1  I '  1 1  I I  ,  ■  i‘  s  ii;  ]'  i  .■  .  ■  I  !  . 

K<  ■  i'.M  y  i  i‘i  :i i  n  ^  s 

1  "i'i*  .  All  r'fi  jiii  I  _'il  111  •  I  ai  I  t  ■ .  i  till  ■  '  111  ■  L  I'm;  I  I  ■  II  rn  jii  i  i  •.  ii:i  t  ,  I  ■ .  u  I  i  i  '’i  ■ ;  i  •  - 
t.iiiu'ii  f  t'ciiii  lIu'  rn.i '  li-.'.i  i.'i.iifr  priijr  t  ■-  i  •iiiiit  ini  i  im;.  i  :i  timM-  i  .isrs  ..  ru  if  Al, 
fuadu'.-iys  will  he  (loss-i),  f'p  ruj)  r  i  .i  1 1  ■  ii  t  c  rii.i  J  f  i,"  •  t  d  i  ii.i  t  i  iiii  f,h.iild  l)f 
>1 1.  f  oiitp  1  1  s heii . 
k.T  1  !  ro  jd  f  ross  i  tigs 

l'j5.  riif  railroad  ownor  has  j  iir  i  sd  i  r  I  i  on  over  all  r.iilroaiJ  Lraiks  Lliai 
iiiiy  he  t  rossed  iiy  jiresstire  sewer  mains.  Ail  reipiired  permrLs  and  conr.Lruet  ion 
reipii  remeiiLs  should  be  obtained  from  the  railroad  owner  prior  to  const  met  i  on . 
The  railroad  owner  must  approve  and  authorize  the  under-crossing  and  must  be 
notified  in  advance  of  any  construction  within  the  railroad  right-of-way.  For¬ 
mal  permitting  procedures  are  normally  implemented  by  each  railroad  owner. 

The  method  of  installing  casing  an<i  carrier  pqies  under  the  railroad  tracks, 
I'ither  (ly  open  trench  exiavation,  jacking,  or  boring,  must  receive  the  written 
approval  of  the  railroad  owner. 

Briilge  crossings 

lab.  liri'lge  crossings  ilesign  .uni  ciins  t  met  i  on  must,  confo.-m  to  .i  I  1  regn- 
!  it  ions  ot  the  .igency  li.iving  jurisdiction  over  the  work  regarding  the  methods 
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. !  f  n  I  1  !  I  d  o  I  .  1 1  hf  r c  I  s  f  p  t  i  n  t  od  w  i  t  li  !  .ide  i  es  i  ;  I  .in  t  p.i  l  ii  t  .it  i  '.u  h  •  ■  il  I  .1 1  id  a  I 

I. nil  nidpoiiil  hotwifii  pipo  hangers  .tiler  i  n;,  t  .i  i  !  a  I  i  on  . 

pi  t.ihlf  w.iter  supply  r  r  os i  nip, 

lad.  laidi'i  normal  (oiidit  ions,  pressure  s'cwei.s  ■  iiis-siiil'  i.'inler  p,  t.ihle 

s  II  pp  I  V  mains  s  h  .i  I  1  If  i  oa;,  t  i  m  I  ed  In  provide  .i  se  pa  i  .i  1  i  oi  i  ,  ■  I  at  1  i  ■  a  t 


wit  or 


18  in.  between  the  bottom  of  the  water  main  and  the  top  of  the  pressure  sewer. 

159.  When  location  conditions  are  such  that  pressure  sewer  mains  cross¬ 
ing  under  water  mains  will  have  less  than  18  in.  of  vertical  separation,  the 
pressure  sewer  main  shall  be  concrete  encased  or  installed  within  a  carrier 
pipe  for  a  distance  of  about  10  ft  measured  perpendicularly  on  either  side  ot 
the  potable  wMter  supply  main. 

160.  When  pressure  sewer  mains  cross  over  potable  water  supply  mains, 
additional  protection  tif  the  potable  water  supply  shall  be  achieved  by  either 
providing  ade(iuate  structural  support  for  the  pressure  sewer  main  to  prevent 
excessive  del  lection  ni  joints  and  settlement,  or  centering  the  pressure  sewer 
main  pipe  at  the  crossing  such  that  the  joints  will  provide  about  10  ft  ol 
clear  distance  from  the  potalile  water  supply  mam. 

161.  Under  normal  conditions,  all  pressure  sewer  mains  should  be  lo¬ 
cated  with  at  least  a  lO-tt  horizontal  clearance  from  potable  water  supply 
m.iins  or  shcaild  be  provided  with  an  approved  method  of  installation. 

I  fi.s  1 .1 1  I  a  t,  i  on  ill  1  (  i  n  i  t  y 

■  d  potable  wa  t  e  r_  s  upp  j  y  we_j  1 

162.  While'  no  general  statc'ment  can  he  made  to  cover  all  conditions,  it 
I.-  generally  rccognizc'd  that  sewers  should,  meet  the  requirements  of  the  appro- 
pri.it'  rev  i  ■ 1  rig  agencies  (or  in  the  case  f  (.'H  recreation,  reviewing  agencies 

II  Mic  i.ei'  with  respei  t  to  minimum  distance's  from  public  w'ater  supply  wells. 
lyi'U.i!  ,i'pa  ra  t  1 1'h  valves  range  from  50  to  ,100  ft.  For  example,  the  state  of 
il"r!'!.i  lFl<Mid,i  Jefia  ri.'iic-nl  ol  Knv  i  ronment.a  1  Regulation  198))  reijiiirc's  that 
.fi:v  |Mibiic  w.itor  siipi  ly  well  "sh.i  I  1  be  located  a  miiiimuni  of  100  feet  from  any 
p'detfi',  il  soiiioe  of  (  out  am  I  na  t  1  on  uiiloss  otherwise  justified  by'  natural  or 

it  in  It''  :t-  ilineiii  barriers.'  Il.ibbilt.  Dolaiid,  and  Cleasley  (  1 9b2  J  rc'comineiid 
I  'il  I ;  !  iin.'ii  o'pija.'  ion  <<1  '>0  )t.  but  si.iti'  that  30O  ft  is  preferred. 
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;  1  '  I  l  ;  1  I  l  '  ■  t  ,  I ' '  s  \  .  L  I  ',11  ,  I  (ii  ■  ■  t  .  I  1  ■  ,1 1 '  1  1  -1  i  i  '  I  .  I  '  I  i  - 1  S  |)  I '  i.  .  I  i  '  t  ^  '111 

'  .  I  '  1  >  1  '  1 1  '  '  I  ,1 : .  ;  hi  . .  iMi  1 1 1  I  hr  i  .  'S  I  i  ■  I  1  h(  iiiiliViilii.il  •.  i  '!li|  n  1 1  ii  ‘  111  s  .  I  lli  ■ 

I'  I  Ml].  .,iit:  ■!  1  I' 1  I  ii  rr  si''  r  svstr:!i  iii.iv  iiiilnilri  );r,ivily  |)i|Mn>i  .llrl 

M'l'S  1  I  rii.iin  .1,  ,  I'll',;, 11.  (  ;,(.'.ri  iii.iiiis,  i  i 'll  vi  ii  I  i  un.i  1  pmii|>;iiK  st.iLiiuis,  yriliilrr 

piin;!'  it.ips,  (Itluriit.  i>.iiii(>s  ,  .iiiil  srjitic  l.arik.s.  I'tn'  lusts  p  tc  s  I'li  t  ni  in  the 
M  ' '  s  M I  .k-’,  il  1  S'  iiss  1 'll;  .ii'r  h.isril  on  .-Xpril  l‘hS4  iii.i  iiii  f  a  c  t  ii  i  <•  t  .s  '  .iini  t  on  t,  ra  c' t  o  rs  ' 

1  ::  I  '  I  III  '  I  1 1 'ii  -  It  i.ii.iiili!  also  h,;.  nolt'il  Ih.al  most  ousts  .ire  ii.isni  on  rosi'lnil  ,i  I 

1  ]' J '  1  I  1  .1 1  I  oils  I  111  "■  i  ov  prossiiri*  sovs'Cis  have  not  lirrn  wiilrlv  .i[>pli<.‘<i  in  ri’orc- 

.1  i  :  "11  .1  I  t'.l  S  . 

I'li.ivity  piping  .iini  .i ppii r I en.i iioes 

H)4.  I'he  oust  ol  ,i<r,iviLy  piping  is  primarily  a  fiinolion  oh  pip'O  iii.ite- 
I  111,  il  1  iiiiot  r  r ,  .iint  drptli  ut  Iniri.il.  The  following  tahulalion  presents  typioal 
unit  ii'sls  lot  8-in.  vitrified  clay,  ,‘\BS  truss  pifte,  and  PVC  sewer  pipe  tor 
I’pths  oi  I'liri.il  ii[i  to  Id  ft  based  on  recent  bid  prices  ujidated  to  April  1984 

by  hsiiig  ttie  l.iiv  i  roiiiiienta  1  Pruleition  .-Ngency  Sewer  Cons  t  rue  I  i  on  Index. 

PVC  Sewer  Pipe 

bilith  '  itiitird  cl. IV  .'XBS  Truss  Pipe  (SI)R-26) 

It  >  /  I  I II  f  l  >  •'  I  I  II  1 1  $  /  1  i  n  f  t 

o-s  ;  !  .  !h- Id...'!,  ll.ad-dl.OO  I  ,i .  00- 1  6 . 00 

.  uo-p!) ,  ,  .1  l4.('ti-J,'.S('  T)  .  00- I'l  .  00 

'■.-■io  nO'-  ';i,  00  18.00-22.00 

:  -..  C  ,  no-  ;8  , 'll'  .  00-  ■;■)  .  00  22 . 00-21) .  00 

,  i  '  '  ' '  t  ,  I  .1 I  I  V  ; '  ,  p  I  II  >;  ,1  i  p'ii  1  t  I  II  1 1. '  r  s  (  "ii  s  i  I  ■.  p  r  i  IIM  I  i  I  of  I'l.i  nho  I  rs  .  )  lie 

'  t  I  '  III  I  oMUiio  il  1 ;  'pi.  r  i  !  II  .1  III  r  s  i  i  r  1  In  I  U'ie'  I  in  I  In  i  i  is  t  "  t  I  tie  piping. 

,  '  ■ '  1,^,  I  1 !  1 :  ;  I  ,  ,  1  p  I  1  :  .1  I  i  ;  '  i  ■  I  ■  '  '  •  C.  I  s  i  pio  t  i  -  d  for  Ci  i  II  s  t  r  I :  i '  t  l  o  11  "I  .1 

1  -  1  ; :  .  -  '  1  1  .1111  III  I  n  1 1  o  I  I  ■  i  . a; '  r  1  I  i  n p.',  )  ^ 

0''ptfi,  It  hs  t  1  iii.i  t  ■'  d  (list  K'.inge,  '> 

8/(1-1.000 

e  -  H 


1  ,00(1-  I  ,  -I'lO 


Pressure  ^ewer  mains 

165.  Pressure  sewer  main  costs  can  he  estimated  as  a  function  of  pipe 
size  and  pipe  material.  Depth  of  burial  is  generally  not  a  iletermining  factor 
since  pressure  sewer  mains  can  be  burit'd  at  a  minimal  depth  to  provide  protec¬ 
tion  from  frost  or  concentrated  loads.  'I'he  estimated  costs  (April  1984)  of 
pressure  sewer  mains  of  various  materials  buried  at  a  deptli  of  4  ft  are  pre¬ 
sented  in  the  following  tabu  1  .it  ion  . 


i  amet  e  r 

DR 

i  n  . 

$  /  1  in 

1  1/4 

1  .  50-2 

3 

2.00-3 

4 

3.00-4 

16  C900  (DR  I'S) 

ft  $ / 1 1 n  f  t 

25 

50 

25  3.50-4.50 


COOO  (DR  18) 
$/l i n  ft 


4.50-5.50 


b 

8 

10 


3.50- 5.00 

4.50- 8.00 

7.50-  1 1 .00 


4.25-5.75 
6.00-8.50 
10.00-1  I ,50 


6 , 00-7 . 00 
10.00- 1 1 . 00 
13.00-14,00 


(5  ill  vent  i  on, 1  1  pumping  stations 

lob.  Pumping  station  costs  are  iirim.arily  a  function  of  statimi  capacity 
ainf  deptfi  of  (he  st.itiori.  for  those-  flows  .issoc  i  .lieti  with  recreation  are.is, 
piiiiip  st.it  laiis  .ire  usii.illy  purchased  as  package  units.  l-'or  typical  reiie.i- 
t  liiii  .irea  (design  flow  100  gpin,  'ie(>tli  15  ft)  pump  st.ilion  tests  .ire  est  iiii.ited 
t'l  r.iiige  Ir'iiii  $17,000  tc)  $25.ij()()  lor  .i  .'.t.ition  using  subnu'rsible  pumps  am! 
':,J0,!)(i0  to  $30,000  fOr  a  st.it  ion  using  so  1  1 -pr  i  m  i  iig  |inmps,  Ciists  m.iy  fe 
liigfier  t^llere  lieptlis  of  i  ns  t  .i  I  I  a  t  i  ons  .ire  e.ctossive  or  unusual  .soil  (omtit.'eiis 
exist.  i'tiese  prices  .ire  bastd  on  m.i  nil  t  at  1 1 .  re  rs  '  ipioli'S  I'eteiveii  in  .‘\pr:!  1984, 

III  1  iide  r  [lump  s  t  a  t  i ' ui s 

lb/.  1 1  r  i  mb'  r  piiiii|i  s  t  1 1  i  ons  ire  limit'"!  in  both  .i  \  i  i  i  i  b  I  e  t  .ip.i  i  :  t  i  ei;  .i  ml 
Im.iil  r.iiiges  .  Furthermore,  t  lie  cost  ol  .ciinder  pump  ;  ns  t  .i  I  I  .i  t  i  ons  may  be  ,pi\le 
'.ari.ible  ilepemiing  on  t  fie  pro}e(t.  (,)u.ii: !  i  I  'c  .iirf/or  '1 1  s  t  e  i  lui  t  i  '  ill  'li'i  ount'  m.iy 
lie  s  iiti  s  t  ,1  n  t  i  .1  I  .  <.i[)  t  1  o  II  ,1  I  .itiessot'ies  .ind  a  ppu  r  t  en.iu'  t's  u  i  i  I  ,i  I  so  iMe  \  (In 

'  o  s  t  of  the  1 11  s  t  a  I  1 .1 1  I  on  .  f-'o  r  gene  r.i  I  p  I  -i  iin  ;  ng  pu  r|!ose  ,  it  is  "  u  I  y  |  n  s  s  i  i'  1  e 
1"  'level  op  .1  taiipfi'  ol  pei.sille  costs  b.I.sed  on  tilt'  S  i  vi  of  1  tie  pump:  Ms’  li.ed. 
.'ill  estimate  of  thi-  iiiiitalled  lost  tor  both  simplt'x  (om-  piiiiip)  ami  iiipl'-X  (tu. 
pump;.  )  g  r  I  mb  •  1  piiiiiji  stations  of  v.i  i  i  oiis  s  '  zes  is  (i  rest' n  1  ml  in  the  I  '  !  I  '  'c  ;  n  g 
t  ibii  I  .it  ion. 


« 


f.O 


Pump  Size 

hp  S  1  iiip  lux  St  ;i  t  ;  I  iti ,  S 

4. 

!  ,  ,  SijO-  10 ,000 

■)  ' 


blip  1  fx  Slut  lull, 
0,000-H,00(j 
10,000- IS.SOO 
1  Z  ,  S0(J-  1 1)  ,  UOI ' 
I  2 , 000-  It)  .  ooo 


Kfi.  uniiifiiiluii  (■./  re  s  i  ili-n  t  i  .1 1  usr  oiiiy. 
l.sii.il/y  luruislicii  in  Ou|>li‘,x  slul  ,  ou  univ. 

O.vMil  il'if  in  h  I  k;h  lu'.ui  i.ip.n  ily. 

Kill  lU'iiL  piiiiiipis 

It.iS.  KltliiufiL  pump.s  (Cl  M-pt  M  t  .ink -(■  j  !  I  ucii  f  juimp  i  n.t;  .u.’slrMiis  liu'.u  bcuii 
[I  I  I  ni.i  t  1  i  y  uliii/ud  in  res  mIcuI  i  u  i  u  pp  I  i  i,  u  t  l  i,/iis  unO  in  piiiu  r  u  I  1  u  t'u  i  i  ,i  i' 1  e  i 'i 

xiiiullc'i  u  i  z(>s  th.iti  giiiidcr  piiiiip). .  lypii.il  k  !  >-i  s  usu,|  i  ii  rus  Mh'ii  t  i  u  I  uiipl  nu¬ 

ll  in  lu'ige  t  rmii  1/2  to  2  hp'.  Ihu  i  ns  I  u  1  1  rd  cnst  "I  the  puiiupiiig  systcni  tui  u 
srptii'  t  unk-u  t  1  1  uent  pimif/ing  systt'iii  is  usl  niiut  tni  lu  run.ge  Iu-Iwihmi  Si..St)0  und 
ycOOO,  di'ptMiding  (/ii  thf  pump  and  .ippiirl  cnances  selt'cltd  I'lr  i  us  t  u  1  1  u  t  ion  . 
St'plio  tanks 

loO.  ltd  septic'  t  a.'ik-et  r  1  uent  pumping  system  is  selected,  a  sej'lic 
tank  must  he  instalied  as  <in  integral  part  of  the  .s'y.stem.  Tiie  cost  of  the 
septic  tank  will  depend  primarily  on  Lite  size  of  the  syslen'  ht'iiig  installed, 
type  of  excuv.i  t  i  on  ,  and  materials  of  (  oust  met  ion  ,  !  he  installed,  cost  vi  t  ci 

tepi!  il  ’'es  1  den  t  i  .1  I  s  i /e  septic  tank  (1,000  n,  2,000  gal'  is  eutimated  to 

range  iietxeen  'isl.iOO  and  $2,400,  ! !  i  1  1  i  I'li  1  t  e.'Niavatiun  conditions  could  s  j  gii  i 

Ml  mti'.'  ailect  system  cost.  1  he  co.st  el  larger  septic  lank  slioiil  i  lie  estj- 
I'li'i'il  (lased  on  i  I  e- s  pe  i '  i  1  i  e  conil  I  t  i  oils  . 
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17/.  Ihf  .i',-  ,i'.  .ifi  ,nul  iii.H  i  r:  t  i'n.HiiCc  costs  assoc  i  <T  Lt'-.i  w  i  L  (i  pressure  sewer 

,11.1  in:.  ai,(i  :  i  n  i  .  t  1  on a  t  i'  ill  detineii;  however,  it  is  reported 

(Kriossei,  to, .md  Keyek  l‘)7')  that  they  -ir'i  likely  to  he  less  than  the 
i(  t  o{  O'  ei.it  iu>,  i.:d  iiMintainiiiK  K''avity  collection  systems.  Estimates  of 
pre...snii  sewT  dm  i  n  .lud  ser\'ice  connection  oper.ition  and  maintenance  costs 
r.iny.r  1  roi:i  1  1  ilO  to  h  UJ(.'  i,)er  mile  pet  year.  As  in  the  case  of  gravity  sewer 

systems,  the  cost  cd  m.iintaining  pressure  sewer  systems  in  recreation  areas 

will  ptu'cilfly  he  ill  the  lower  range. 

Lonvenlionai  p'lmping  stations 

17;,  The  opoisttion  and  maintenance  costs  tor  conventional  pumping  sta¬ 
tions  have  liec n  detined  in  a  number  of  studies  (Weston  Environmental 
Coiisii  1  tant  sDes  I  gne  rs  1977;  cii  1  1  i  riant'' ,  Harris,  and  Sun  1981).  Although  a  num¬ 
ber  of  fictors  affect  thc'  cost  of  cjperation  and  maintenance,  a  range  of  costs 
can  he  develofied  for  i-tatioc  size's  that  will  normally  be  found  in  rc'creatioii 
areas.  .M.i  i  n  t  enance  ..osts  (labor  and  iiiaterialsl  are  estimated  to  range  between 
S.'jOO  and  31,t00  [ict  year.  Tht'  cost  ot  oper.ition  is  primarily  a  function  ol 
the  quantity  piimpeii,  pumping  he. id,  and  jiowt-r  cost.  .Annual  jiower  cost  can  be 
estimated  using  the  following  expression: 

/  l.h.db  ^  Q  ^  TOh\ 

Aft:  -  (  -y  -  -  1  X  PC  (4) 
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lindrr  puii)]M  ng  stations 

1/4.  toiiulei'  pump  ma  i  n  t '.Miaru  c  Is  cs  I  i  ina  L  tul  to  range  between  $200  .ind 
UK)  per  ye-ar  .  However,  these  estimates  are  based  on  d.iLa  eol  letted  1  rom 
■sidential  .i|.p  1  i  ea  t  i  on ,  i.e.,  pumps  less  than  2  hp.  Maintenanee  oi  Kirger 
i.nder  pumjM  ng  stations  .sssoeiatful  with  reereatitin  are.i  devt' 1  tipmeii  t  will 
isKii'ie  appiuaih  ''i  slightly  exet'ed  that  ot  conventional  pumping  stations. 

■  t I  i  ■  in.i  np.  ,we  ;  reipi  1  1  omi.jit  >s  (ur  grindt'i  iniiiij.!  installations  h.ive  been  esti- 

it'  1  ;  -  .iv>  111,-  1  III. in-  lav  (x'r  v's)  r  (Kriessel,  (loojier,  .iiid  Revet.  1  d  7  7  i  . 

,t  .lU-.t  h-'  pointtel  out  th.it  these  d.ita  were  developed  t  i  om  res  i  den  t  i  .i  ! 

t  il  i.it  1'  n  nsiiig  inimps  less  tli.iii  2  h|i .  Si'rvitf  m.inpower  rtspi  i  t  omen  t  s  in 

r.  ,  n  ,;i,as  ;  1  i  proh.sb!',  be  slightly  greater. 

■  '  i  ■  a  '  ■  I  1 1  I  1 ,  ■  s  t  s  .  on  s  1  s.  t  p  r  i  I'll  r  i  1  y  o  1  powe  i  u  t  i  1  i  /.a  t  i  on  ,  v.  h  i  c  li  is  . 

.  ..  1  ■  1  I  laiip  si,s',  [)iimpiii>-  Inad  ,  .ind  ijuaiitity  ol  wa  s  t  ew.i  t  e  i  piiinptsl  .  (owoi 

.,ioi  I  1(1  la  est  iiii.ited  nsiiig  t  lie  lormnl.i  presentt’d  above  or'  using  .i 
:  '  ■'  tliiuiib"  o(  :  watt  pt'r  gallon  pumped.  It  slunild  In'  pointed  out,  how- 

.'  ;  ,  ’hi:  tfi.'  .lile  •'>  t  humh  w.is  develoiied  1  rom  residenti.il  .ipj.' I  i  (  .i  I  1  ons  and 
bo  h'riitly  ipplit.jblr'  to  retreation  .in'.i  i  nsta  1  I  at  ions .  using  the 

,  o  ■!  t  fuj.'iih  ippo-'.ieh,  the  ti.-tal  power'  cost  t'.in  ho  estimated  by  mn  1  I  i  j' 1  y  i  ng 

1)0  ,  Pill,,'  ot  w.istewilet'  pumped.  In  g-ilions,  times  the  I'ost  pi'r  watt  ol 

-  •  1  •  r  ■  .  1  t  V  . 

‘  !  !  ' lo n  t  pi  'iiij .  I  ng  s y  v.  t  om;, 

1  ■  r  .  I  h, ■  ■  I  o  ,  .1 1,  o  and  it.i  i  n I  I’n.i 111  o  i a  -  s  t  s  a .s soi  i  a  t  ed  with  sep t  1  e  t.iiik- 

I  '  1  1 ;  a  ■  [  a  riip  ;  II  g  t  on,  s  h  .i  vo  boon  or.  t  i  m.i  t  w  1  to  he  slightly  less  than  g  i  i  nde  r 

,ap  po  .  1 1  I  on  and  m,i  i  n  t  en.i  nee  (  K i'  i  es so  1  ,  ( 'o, ,|if  t  ,  .in* I  Ki  vek  1977).  1, s  t  i  ma  !  i  s 

iiigo  hotwooi,  ‘siOd  iiid  SjiK)  pel  yo.ir  loi  pump  in.i  1  n  I  en.r  m  e .  .Again,  these  I'sti- 

I I  o  ■  .111  o  I  s  od  oil  ro : ,  I  den  t  I  .1  1  ,ipp  1  1 1  ,i  I  I  ons  .  the  s.i  v  i  ngs  in  pump  m.i  i  n  I  e  na  n  i  e 

,  t  ,  .1  1  o  i  M  r.r' t  lev  t  In  (  •  n.  t  i :,oi  i  .i  t  eU  w  i  t  h  s t  p t  i  i  I  .a n k  ma  i  n  t  eii ,i  lu  e  W'h  i  i  h 

1 1  U 1  ;  1  ■  ;  i  •  ■ .  1 1 1  1  1 1  g  ■,  I  I  \  a  I  o  1 1 ;  0.1 1  .it  .1  I  o , .  I  I  .  1  n  g  1  Hat  I  rom  'a  I  Ob  to  200  po  r 

!  o  I  ,  ■  I  a  '  .  '  -  ’  I  '.  1  -  o  111  a  1 1  p  o'.,  ( .  t-  1 ,  .1 : ,  hi  '  1 1  o  ■  I  i  iii..  I  ,  -I  ■ ,  i  1 1 1  ge  be  t  i  o  h  ( '  ,  >  ,i  n  d 

'  III  !  1 1  - '  i  I  ,  , '  -  I  >  f  II  ,  o  r  p  Mit'p  unit, 

I  ■  '  p  ,  o  i  .  .  ( |i,  ;  ;a  111'  11 1  s  I  .1  n  he  e 1  i  in.  1 1  •  -  d  ;  e,  i  ng  tin-  i  •  e  r,  i  i  o  1 1  present'd 

■  r  ■  ,  i  n  ■ .  I  '  on  '■.'ol  1 1  ,  .  n.i  i  p  map  i  ng  t  .i !  i  ■  in.  o  r  1  .  o  Mi,g  ,  i  i  a  I  i  ■  o  ! 


i‘AR  1  V  I  i  ; 


Si MNARV 


178.  I  mil)  v.i  L  I  vt  .ind  a  1 r  nm  l  ;  t'  v. t  eu.i ;  f  /  i  u  i  I  • 'i  1  i  •  iii  .in. I  !.  i  .inspi:  i  7 

.sxslfiii.s  iii.iy  ,1  I  .  s  I -f' t  t  (  I.  t  I  V(  j  1  I  r  ril.i  t  i I.-  v%  .i  t  i  • /ti. )  riif  i  i  im:;  .  r!  S 

iii.i  I  (■  r  1 .1  I  s  ymit' r  .1 1 ’.'(1  in  rci  i  mi  .irc.i.s  l  jiicssu  '  niu-  r  tii)' 

t  eH  tiiHi !  iiyy  I  .‘i  W)' 1  I  (ievf  1  (ipi'ii  .ind  h.is  .s  iil'S  L  .i  n  L  i  .i  I  y  '.'•nli.ii  Im  a  p  p  '  i  mi  I  i  mi  a  L 
liK  fti.  rtM  t  I  un  areas.  .Sysleni  .iesi>;n  ]i  ta  ■(  miu  res  hav''  lieeii  ile-v:- 1  oped  (or  traiii- 
tioii.il  residential  vomiminity  ifH)  1  i  i  a  I  i  mis  im1  re. pi  i  re  s.'iiie  iiie.i  i  !  i  i  .i  t  i  ei.  tor 
use  in  reere.it  I'.n  areas.  Both  pp  iiMer  puini)  an  i  septii.  '..ink  <  II  hn  nl  ]  ni'ip 

systems  iir.y  lie  suitahle  lor  rf'o  rea  t  i  iiii  area  use.  1-or  yerv  sm.i  1  i  !  1...  deiierit- 

iny  f.iiilities,  stpit  i  r  t  ank- e  t  f  1  iieri  t  punipitiK  sysLtnis  may  :>!lei  ’.!u  . a  I '•  .a  ii  I  a  ye 

el  reiliuf'il  oper.itioti  and  ma  i  riLena  ii  rest  ov(-r  yrindc'i  piiiiii’  '.stems.  Ilo-^eyer. 
lor  general  .i  pp  I  i  e.i  t  i  ons  to  rf'c  re.i  t  i  on  areas,  the  yiindet  pijiii|.’  syst>iii  Is  proh- 
.ibly  the  system  of  ehoice, 

1  7h  ,  .A  1 1  tiou,Kh  the  design  comepts  h.ive  been  suhst.iu'  i.iliy  dm.  m  1  of'e.l , 
e.iefi  maniif.ictiirer  olfCrs  equipment  with  soiiK'wtiat  dilteiant  desiKi)  erileri.i. 

I'h  i  s  report  attempts  to  synthesi/,e  suil.ible  desiitn  iriliM'ia  from  .i  v.iriety  of 
soiirees.  'I'tie  i  n  f  o  rm.i  t  i  on  presented  in  this  rt'p.irt  can  he  iise-d  in  conjunction 
w  i  t  ti  m.inu  f  ,ic  t  u  re  rs  '  information  to  m.ake  apprepri.ite  itesign  decisions. 

180.  The  (ii'ist  import, ant  aspect  of  v-astewaler  system  d''sip,n  in  reerv- 

. it  ion  are. IS  is  tfie  acc'urate  projection  of  cpi.uitity  and  strenytii  of  wastewater 
til. it  will  reipiire  collection,  t  riinsiport  ,  aiiil  tre.itment.  .Ailhougti  the  informa¬ 
tion  develo|ied  in  recent  years  has  iniprovc'cl  tlu'  accuracy  oi  projection,  the 
uncertainties  .issociated  with  tfic  projection  of  wastewater  flows  continue  to 
lie  .1  m.ijor'  otistacle  to  tfie  design  of  cost -(.*  f  f  c'ct  i  ve  systems. 

181.  1  he  ciist  of  low  pressure  sewer  systems  must  he  estimated  on  .1 

p  ro  I  ec  t  -  spo  c  1  1  1  c  h.isis.  Cost  estimates  must  fie  developed  in  c  lose  coordin.a- 
t  I  on  with  equipment  vendors  and  manufacturers.  .Althougli  c.ipital  costs  are 
rel.it  ively  well  ilefined,  opieration  and  maintenance  costs  are  l.acking  in  both 
re  I  I  .ill  1  1  1 1  y  .ind  .let.iil,  Tfi  i  s  is  pa  rt  i  cn  I  a  r  1  y  true  for  those  systcuns  using 
i.irger  pump  sizes.  Kxt  rmiie  c.ire  must  bc’  c’xerciseil  if  .iccur.ite  t'stimates  of 
opi'ration  ,ind  ma  i  nl  en.iiic  c  costs  .i  rc'  to  t'c  developed. 

18d.  (lone  r.i  I  I V ,  ,i  tr.iditional  gravity  sewer  system  is  the  le.ist  costly 
me. ms  of  loMecting  and  t  r  ,i  ns  po  r' t  i  ug  w.i  s  t  ew  .i  t  e  t  .  However,  low  jiressure  sc'cer 
systems  ol!(>r  a  leasihle  .i  1  t  c- riri  t  i  ve  whf're  t  opoy  r.ipli  i  c  ,ind  geologic  con¬ 
st!. iints  preclude  gr.iyitv  collection  systems.  Ihe  criteria  lor  dc'Sign  and 
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^t^iate  of  Water  Use  hy  fixture 


J.tem _ 

U'.iter  .  loset 
Water  loiintaiii 
U  r i na  1 
Launci  ry 
L.ivatory 
Dump  s t a t ion 
Showe  r 

1^1  sh  r  leaning  station 
Service  sink 
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Table  6 

Fixture  Unit  Values  (F.  E.  Meyers  1984) 


_  _ Fixture  Descript  ion _ _  _  _ 

Bathroom  group,  consisting  of  lavatory,  bath¬ 
tub  or  shower,  and  (direct  flush)  water  closet 

Bathroom  group,  consisting  of  lavatory,  bathtub 
or  shower,  and  (flush  tank)  water  closet 

Bathtub  with  1-1/2-in.  trap 

Bathtub  with  2-in.  trap 

Bidet  with  1-1/2-in.  trap 

Dental  unit  or  cuspidor 

Drinking  fountain 

Dishwasher  domestic  type 

Kitchen  sink  domestic 

Kitchen  sink  domestic  with  waste  grinder 

Lavatory  with  1-1/2-in.  waste  (>lug 

Lavatory  barber  or  beauty  shop 

Laundry  tray  two-compartment 

Shower  sta 1 1 

Shower  (group)  per  head 

Sink  (direct  flush  valve) 

Sink  (service  type  with  floor  drain) 

Sink  (scullery) 

Sink  (surgeons) 

Urinal  (with  flush  v.ilve) 

Urinal  (with  flush  tank) 

W.iter  closet  (flush  valve) 

Water  closet  (flush  tank) 

Swimming  pools  (per  e.ich  1  , 000- ga  1  .  la(i.Kity) 
Unlisted  fixture  with  1-1/4-in.  trap  size 
Unlisteil  fixture  with  1-1 /J- in.  tr.ip  s  i  ze 
Unlisteil  fixture  witfi  2-in.  trap  siyc 
IJnlisteil  fixture  with  2-i/2-iti  trap  s  i  ze 
Unlisted  fixture  with  S-in.  trap  size 
Unlisted  fixture  with  4-iri.  tr.i|)  size 
W.itet  softener  (domestii  ) 


Fixture 
Unit  Value 


Table  8 


Camping 

Area  Wastewater 

Production 

Dai  1  y 

Week  1 y 

Wastewater 

Product i on 

Flow _ 

gal _ 

gosd* 

M i n imum 

71 

5,222 

34 

9.7 

Max  imam 

7 ,1145 

16,375 

205 

30.2 

Range 

7,274 

1 1 ,  153 

171 

20.5 

Mean 

1,406 

9,947 

105 

18.8 

Starida  rd 

devi at i on 

1,403 

3,796 

46 

7.  1 

;  v.illi'tis  I't  f'liiiMol  <  .iiiij’.'-,  i  I  f  per  il.iv. 

'  1  '  I  -  t’ ,  I  I  !  '  • '  I  s  I . . '  r  1  1  ( )  1  t  ,  I  per  1 1 .  ( y  . 


10 


Averai^t'  Wastewater  Flows  f  r^Mii  keereatioii  Areas 


Ty/'  1 

Sou  rce 

_ 

lln  i  t 

Flow  . 

Apartment,  resort  bathhouses 

P(  r.soii 

a  7 

Ba  t  hhouses 

Person 

10 

(^abiri,  resort 

Person 

U2 

Cafeteria 

Customer 

■1 

Kmp 1 oyee 

10 

Camps 

Camping,  tent 

Pe  rsoii 

20 

CaPiping,  tra  1  ler 

Person 

2S 

Day  camp  (no  meals) 

Person 

Id 

Resorts,  limiteii  plumbing 
Tourist,  central  hath  and  toi 

let 

Pe  rson 

So 

f  a  c  i  I  i  t  i  e  s 

Person 

Cottages  (season, il  ociupaiuy) 

Pe  rson 

so 

Coi kta 1 1  lounge 

Sea  t 

20 

Coffee  shop 

Customer 

s 

Employee 

10 

Country  club 

Member  present 

104 

Emp 1 oyee 

13 

D i  ru  ng  ha  1  1 

Meal  served 

8 

Dormitory,  bunkhouse 

Person 

39 

Hote 1  ,  resort 

Person 

52 

Laundromat 

Wa  s  h 

50 

Store,  resort 

Customer 

2 

Emp 1 oyee 

10 

Swimming  pool 

Ciis  t  ome  r 

10 

Emp 1 oyee 

10 

Theater 

Seat 

2 

Visitor  center 

Visitor 

1 

Pa  rks 

live  rri  i  gilt  ,  flush  toilets 

Pe  rson 

20 

Trailers,  individu.il  hath 

Pe  rson 

50 

P  1  <  n  1 1 

B.ithhoiise,  sfu’wers.  .ind  flush 

1 0  T  lets 

Person 

20 

1  IM  let  nil  1  y 

Person 

4 

uu  It 

P(*rson 

0 

XP“' 


gallons  per  unit  per  ilay. 
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M 1  a  t  e  1  i  aiu'ous  Water  Lsage  Kr  t  ;  ina  t  t-s 


I 'll  it 

1 1 ' ■  I  (  I ose t  ,  tank 

ater  closet.  Hush  v,i  I  ve  ,  2')  psi 
ash  ha  s  i  n 
a  I  h  I  111) 
howi-r  head 

,11'ifii  tiosp,  5/8  1/1.,  25-ft  head 
ardeii  hose,  3/A  in.,  l/A-iii.  nozzle, 
lie  ho.sf>,  1-1/2  in.,  1/2-in.  nozzle, 
nnlinuoiis  flowing  ilrinkuig  fountain 
,awn  sprinkler 

'itoniatic  home  laundry  machine 

11  shw.jshing  machine,  home  type 

iishwashing  machine,  commercial  (does 
include  water  to  fill  wash  tank) 

Statiofiary  rack  type,  at  15  psi 

Conveyor  type,  at  1.5  psi 

l.irbage  grinder,  home  type 


.N'o  riiia  1  W  1 1  (“  r 
Coiisumpt  1  II, 

A-6  gal /use 

iO  ga  1  /ill  i  n 

1-1/2  gal /use 

j(J  gal /use 

2.5-30  gal /use 

200  gal /hr 

25- ft  luMd  300  gal/hr 

70-ft  heail  2A00  gal/hr 

75  gal/hr 
120  gal/hr 
30-50  gal/ load 
6  ga 1 / 1 oad 

not 

6-9  gal/min 

A-6  gal/min 

1-2  gal/day/ 
person 


